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FOREWORD 

This t h i r d  semiannual progress  r e p o r t  on t h e  p r o j e c t s  comprising 
t h e  gene ra l  research  program of t h e  Center  f o r  Space Research 
r e f l e c t s  a cons iderable  growth i n  t h e  program s i n c e  i t s  incep t ion .  
A s  i s  po in ted  o u t  i n  t h e  f i r s t  t w o  r e p o r t s ,  t h e  i n t e n t  of t h e  
gene ra l  program i s  t o  s t i m u l a t e  so -ca l l ed  seed  r e sea rch  i n  broad 
space - re l a t ed  f i e l d s  i n  engineer ing ,  t h e  p h y s i c a l  s c i e n c e s ,  t h e  
l i f e  s c i ences  as w e l l  a s  i n  t h e  s o c i a l  s c i ences .  

The program i s  made p o s s i b l e  by a g r a n t ,  N s G - 4 9 6 ,  from t h e  Nat iona l  
Aeronaut ics  and Space Adminis t ra t ion.  However, t h e  s e l e c t i o n  and 
approval of p r o j e c t s  w i t h i n  t h e  program is a r e s p o n s i b i l i t y  of t h e  
Center  f o r  Space Research and i s  d ischarged  wi th  t h e  a s s i s t a n c e  of 
a t e c h n i c a l  committee and of a p o l i c y  committee, whose members a r e  
l i s t e d  i n  t h e  Appendix. W e  no te  a f t e r  some year  and a h a l f  of 
exper ience  with t h i s  kind of i n s t i t u t i o n a l  g r a n t  t h a t  i t  cont inues  
t o  be appropr i a t e  suppor t  f o r  a u n i v e r s i t y  l abora to ry  and i s  par- 
t i c u l a r l y  important  f o r  o u r  Space Center.  The v a r i e t y  of r e sea rch  
t h a t  can be t r u l y  s t a t e d  t o  be space - re l a t ed  i s  exceedingly l a r g e ,  
and t h e  f l e x i b i l i t y  t o  s h i f t  suppor t  between f i e l d s  as i d e a s  emerge 
i s  of very  g r e a t  value.  

The i n d i v i d u a l  r e p o r t s  might n o t  r e f l e c t  t h e  growing i n t e r r e l a t e d -  
ness  between research  i n  t h e  l i f e  and phys ica l  s c i e n c e s  and inves-  
t i g a t i o n s  i n  the  engineer ing  a r e a  which t h e  m u l t i d i s c i p l i n a r y  
i n t e r e s t s  of the  Center have helped b r i n g  about.  For example, t h e  
r e sea rch  done w i t h i n  t h e  Department of N u t r i t i o n  and Food Science 
on t h e  e f f e c t  of d i e t  on man's performance i n  c e r t a i n  c o n t r o l  t a s k s  
i s  s t rengthened  considerably by us ing  t a s k s  occur r ing  i n  manned 
space veh ic l e s  c o n t r o l  s t u d i e s  underway w i t h i n  t h e  Department of 
Aeronautics and Ast ronaut ics .  S i m i l a r l y ,  t h e  p o s s i b i l i t i e s  f o r  
p e r t i n e n t  social  s c i ence  and i n d u s t r i a l  management r e sea rch ,  us ing  
as case h i s t o r i e s  c e r t a i n  of t h e  Cen te r ' s  experiments i n  space,  
have n o t  gone unrecognized. 

While t h e  genera l  research  program of t h e  Center  r e f l e c t s  only a 
p o r t i o n  of MIT's overal l  a c t i v i t i e s  i n  space r e sea rch ,  i t  never- 
t h e l e s s  i s  a c r u c i a l  p o r t i o n  which provides  much of t h e  adminis- 
t r a t i v e  f l e x i b i l i t y  needed t o  s t i m u l a t e  t h e  growth of new ideas .  

J. V. Harr ington,  Director  
Center  f o r  Space Research 
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S O L I D  STATE ENERGY CONVERSION PROCESSES 

I n v e s t i g a t o r s :  J. B l a i r ,  G.  S .  A l m a s i ,  A. S. Carlson,  J. W. 
Conley, P. J. Shaver 

Project N o .  : DSR 9827  

In t roduc t ion  

The purpose of t h i s  research i s  t o  s tudy  fundamental problems 
a s s o c i a t e d  w i t h  pho tovo l t a i c  and t h e r m o e l e c t r i c  energy conversion 
processes  p r imar i ly  i n  connect ion w i t h  t h e  u t i l i z a t i o n  of so l a r  
energy i n  space app l i ca t ions .  

O p t i c a l  Absorption Edge i n  Cadmium T e l l u r i d e  

The mechanism re spons ib l e  f o r  t h e  o p t i c a l  abso rp t ion  i n  t h i s  compound 
semiconductor a t  t h e  th re sho ld  of t h e  fundamental edge a t  l o w  t e m p -  
e r a t u r e s  has been i d e n t i f i e d .  The process  involves  c r e a t i o n  of an 
e x c i t o n  and d e s t r u c t i o n  of a phonon from t h e  l o n g i t u d i n a l  o p t i c a l  
band of t h e  l a t t i c e  v i b r a t i o n  spectrum. The r e s u l t s  of theoret ical  
a n a l y s i s  and experimental  observa t ion  are i n  q u a n t i t a t i v e  agreement. 
The r e s u l t s  obtained are c o n s i s t e n t  w i t h  a band s t r u c t u r e  model 

I having a d i r e c t  forbidden energy gap. 

I n  performing t h e  p h y s i c a l  experiments an o p t i c a l  c r y o s t a t  w a s  de- 
s igned  i n  which t h e  sample w a s  immersed i n  helium exchange gas.  The 
temperature  of t h e  sample w a s  f i x e d  a t  va lues  i n  t h e  range from 4 . 2  
t o  140' K and high r e s o l u t i o n  o p t i c a l  t ransmiss ion  s p e c t r a  w e r e  
ob ta ined  . 
The temperature dependence so  ob ta ined  i s  ex2la ined  i n  terms of both 
t h e  s h i f t  of t h e  fundamental edge w i t h  temperature  and a l so  t h e  
change i n  occupation (Bose) p r o b a b i l i t y  of t h e  LO phonon modes. 
Fu r the r ,  t h e  e f f e c t s  of sample s u r f a c e  p repa ra t ion  w e r e  s tud ied .  
With r e s p e c t  to  these obse rva t ions ,  a d d i t i o n a l  theoret ical  ca l cu la -  
t i o n s  on the  effect  of imperfec t  s u r f a c e s  and bulk d e f e c t s  has been 
i n i t i a t e d .  

Thermal and E l e c t r o n i c  Transpor t  P r o p e r t i e s  of Zinc Antimonide 

Zinc antimonide is  an a n i s o t r o p i c  semiconductor wi th  good thermo- 
electric c h a r a c t e r i s t i c s  i n  t h e  moderate temperature  range. Large 
s i n g l e  c r y s t a l s  of ZnSb are being produced on a r o u t i n e  basis.  A l l  
e lectrical  and thermal  measurement programs are progress ing  satis- 
f a c t o r i l y .  Thus f a r ,  measurements on t h i s  orthorhombic semiconductor 
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i n d i c a t e  no an i so t ropy ,  i n  t h e  t h e r m o e l e c t r i c  power, about a 15  
p e r c e n t  v a r i a t i o n  i n  thermal conduc t iv i ty ,  and a 1 0 0  pe rcen t  v a r i a -  
t i o n  i n  e l e c t r i c a l  conduct iv i ty  between t h e  three p r i n c i p a l  axes. 
Copper doping i s  used t o  con t ro l  t h e  ho le  concent ra t ion  i n  these 
c r y s t a l s .  Magnetoresistance and Ha l l  e f f e c t  measurements a r e  s t i l l  
incomplete b u t ,  a t  p r e s e n t ,  they s e e m  t o  i n d i c a t e  a simple valence 
band s t r u c t u r e  i n  z i n c  antimonide. 

A Graded Enercrv Gar, Photovol ta ic  Device 

Previous p r o j e c t  r e p o r t s  have descr ibed  pre l iminary  experimental  
r e s u l t s  on a graded-energy-gap photodevice.  These r e s u l t s  w e r e  
ob ta ined  wi th  equipment made a v a i l a b l e  by t h e  Nat iona l  Magnet 
Laboratory.  

S ince  t h a t  t i m e ,  work has  centered  on s e t t i n g  up t h e  equipment 
necessary  t o  make a more thorough experimental  i n v e s t i g a t i o n  of 
p h o t o e f f e c t s  i n  graded-gap semiconductor reg ions  h e r e  a t  t h e  Energy 
Conversion and Semiconductor Laboratory. A l iquid-hel ium re sea rch  
dewar, an i n f r a r e d  monochromator, and m o s t  of t h e  necessary asso- 
ciated equipment have been obta ined  and are now being assembled i n t o  
a working measuring se tup .  

I n  a d d i t i o n ,  the a n a l y s i s  of t h e  graded-energy-gap device  has  been 
extended t o  inc lude  ope ra t ion  unde r  high i l l u m i n a t i o n  and o p e r a t i o n  
wi thou t  a magnetic f i e l d .  

A Mult i -Trans i t ion  pn Junc t ion  Pho tovo l t a i c  C e l l  

High e f f i c i e n c y  solar  cells can  be achieved w i t h  a proper  m a t e r i a l  
which provides  a good match t o  t h e  s o l a r  spectrum. Direct t r a n s i -  
t i o n  processes  make use only of photons w i t h  energy equa l  t o ,  o r  
h ighe r  t han ,  t h e  energy gap. I n d i r e c t  t r a n s i t i o n  processes ,  made 
p o s s i b l e  by the  presence of impuri ty  l e v e l s  i n  t h e  forb idden  gap 
can absorb low energy photons and b r i n g  them t o  t h e  conduction band. 
A h i g h e r  e f f i c i e n c y  i s  then expected. 

The requirements imposed upon t h e  m a t e r i a l  a r e  s t r i c t .  L i t t l e  i s  
known about t h e  phys ica l  p r o p e r t i e s  of t r a p s  d e l i b e r a t e l y  added t o  
t h e  m a t e r i a l .  CdS seems t o  s u i t  t h e  purpose b e s t  and shows much 
promise. O t h e r  workers have r epor t ed  an e f f i c i e n c y  a s  high a s  7 
o r  8 p e r c e n t  w i t h  s o l a r  cells  made o u t  of CdS. I n v e s t i g a t i o n  of 
t h e  p r o p e r t i e s  of CdS i n  o r d e r  t o  determine t h e  r e l e v a n t  parameters  
and of p o s s i b l e  ways t o  modify them t o  o b t a i n  optimum values  accord- 
i n g  t o  t h e o r e t i c a l  c a l c u l a t i o n s  i s  being c a r r i e d  out .  

c 
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CONSTITUENTS OF TEKTITE AND METEORITES 

I n v e s t i g a t o r s :  W. H. Pinson, P. M. Hurley,  J. W.  Winchester,  
G. D. Roe, R. M. S h i e l d s ,  J.-G. S c h i l l i n g  

Project N o .  : DSR 9835 

Rubidium-Strontium Analyses of Ultramafic  Rocks and The Or ig in  
of P e r i d o t i t e s  

In  completing h i s  work on t h i s  p a r t  of t h e  p r o j e c t ,  M r .  R o e  shows 
t h a t  m a s s  spec t romet r i c  measurements on p e r i d o t i t e s  demonstrate  
t h a t  many of them have SrB7/Sr86 and Rb/Sr r a t i o s  h ighe r  than  
oceanic  b a s a l t s ,  and most of them con ta in  less than  0 . 4  ppm Rb 
and 1 0  ppm Sr .  

The s u r p r i s i n g l y  high SrB7/SrB6 r a t i o s  of many p e r i d o t i t e s  cannot  
be c o r r e l a t e d  wi th  both t h e  Rb/Sr r a t i o  and t h e  t i m e  of i n t r u s i o n .  
Although t h e  Rb/Sr r a t io s  a r e  h ighe r  than  expected f o r  s u b c r u s t a l  
mater ia l ,  t h e  Sr87/Sr86ra t ios  cannot have reached such high va lues  
f r o m  Rb87 decay un le s s  t h e  p e r i d o t i t e  e x i s t e d  as a s e p a r a t e  system 
f o r  a much longer  t i m e  than  i n d i c a t e d  by t h e  i n t r u s i v e  r e l a t i o n s .  

A 730 m.y. isochron f o r  d u n i t e s  from t h e  N e w  Zealand-New Caledonia 
a r e a  is  i n t e r p r e t e d  as d a t i n g  a p a r t i a l  mel t ing  event  i n  t h e  upper 
mantle which l e f t  the  d u n i t e  as a r e s i d u a l  mater ia l  a f t e r  removal 
of t h e  b a s a l t i c  l i q u i d .  Subsequent mob i l i za t ion  and i n t r u s i o n  of 
t h e  d u n i t e  d id  n o t  change i t s  Rb-Sr s s t e m s .  Measurements on such 
p e r i d o t i t e s ,  which have high S r B 7 / S r s X  r a t io s ,  are used i n  conjunc- 
t i o n  wi th  t h e  oceanic  b a s a l t  measurements of Faure and Hurley (1963)  
t o  develop an  upper mantle h i s t o r y ,  i n  which t h e  major even t s  are: 

1. E a r l y  d i f f e r e n t i a t i o n  

2. Later p a r t i a l  mel t ing  and s e p a r a t i o n  of  b a s a l t i c  and 
p e r i d o t i t i c  phases 

3 .  Subsequent i n t r u s i o n  

I t  is p o s t u l a t e d  t h a t  t h e  b a s a l t s  con ta in  n e a r l y  a l l  of t h e  i n i t i a l l y  
a v a i l a b l e  Rb and S r .  They are e s s e n t i a l l y  whole-rock samples of t h e  
upper mantle.  T h e i r  Srs7 /SrB6 r a t i o s  can be extended back i n  t i m e  
according t o  t h e i r  Rb/Sr r a t i o s  p a s t  t h e  p a r t i a l  mel t ing even t ,  which 
s e p a r a t e d  them f r o m  t h e  o r i g i n a l  mantle mater ia l ,  t o  t h e  t i m e  o f  t h e  
o r i g i n a l  mantle d i f f e r e n t i a t i o n .  On t h e  o t h e r  hand, t h e  p e r i d o t i t e s ,  
con ta in ing  very l i t t l e  of t h e  Ftb and S r ,  have Sr87/Sr86  r a t io s  which 
extend back i n  t i m e  on ly  as f a r  as t h e  p a r t i a l  mel t ing  event .  
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The Rb87-Sr87 Age of Stony Meteorites 

M r .  S h i e l d s  has completed r e f i n e d  Rb87-Sr87 age measurements on t h r e e  
s tony  meteorites: Pasamonte, a e u c r i t e ;  Bath, an o l iv ine -b ronz i t e  
chondr i te ;  and Bruderheim, an ol ivine-hypersthene chondr i te .  Each 
of these meteorites i s  a " f a l l "  and was selected for  i t s  f r e shness  
of appearance and contamination-free h i s t o r y .  The ana lyses  of 
these three meteorites have been combined wi th  t h e  ana lyses  of 
t h r e e  o t h e r  f r e s h  meteorites--Murray, a Type I1 carbonaceous chon- 
d r i t e  analyzed by Beiser (1964),  and Nakhla, a n a k h l i t e ,  and 
E s t h e r v i l l e ,  a mesos ide r i t e ,  analyzed by Pinson e t  a1)1963)--for 
t h e  c o n s t r u c t i o n  of a h ighly  p r e c i s e  me teo r i t e  isochron.  These 
s i x  specimens possess  a w i d e  spread of Rb87/S86and S r 8 7 / S r 8 6  r a t io s  
and y i e l d  a 4 . 4 5  + 0.03  x l o 9  yea r s  isochron 
yearsm1)  w i t h  an x n i t i a l  S r87 /S r86  r a t i o  of 0.6982. I f  one assumes 
t h a t  t h e  Pb-Pb and RS-Sr techni  ues  g ive  t h e  s a m e  age fo r  meteorites, 
a decay c o n s t a n t  of 1.36 x 10-'qyear-l can be c a l c u l a t e d  for  Rb87 
by comparing t h e  Rb-Sr d a t a  with t h e  Pb-Pb age of  4 . 5  x l o 9  yea r s  
(Patterson, 1956). I n s o f a r  as the  sampling has been c a r r i e d  o u t  
and w i t h i n  t h e  p r e c i s i o n  of the measurements, a l l  s tony  meteorites 
are of i d e n t i c a l  age. The major c o n t r i b u t i o n  of t h i s  work l i es  
i n  t h e  achievement of a h igh  degree of a n a l y t i c a l  p rec i s ion .  
Improvements i n  both t h e  chemical and m a s s  spec t romet r i c  techni -  
ques of a n a l y s i s  have made possible t h e  p r e c i s e  measurement of 
exceedingly s m a l l  q u a n t i t i e s  of R b  and S r  such as are found i n  
meteorites and some u l t r amaf i c  rocks. 

= 1.39 x 

Several phases w e r e  also sepa ra t ed  from t h e  Bjurbole  chondr i t e  f o r  
Rb-Sr ana lyses .  The r e s u l t s ,  however, i n d i c a t e  t h a t  t h i s  chondr i t e  
i s  s e v e r e l y  contaminated. 

F u l l y  Automatic Step-Elut ion Chromatography f o r  R a r e  Ear th  
Sepa ra t ion  

M r .  S c h i l l i n g  has  continued h i s  work on t h e  s e p a r a t i o n  and a n a l y s i s  
of a group of s imi la r  elements such as t h e  rare e a r t h s ,  which i s  
proving a d i f f i c u l t  and time-consuming problem. A r a p i d  procedure 
u t i l i z i n g  chromatographic sepa ra t ion  of neutron-induced, low-level 
rad ioac t iv i t ies  w a s  developed (J. W. Winchester,  1963; D. G. T o w e l l ,  
1963).  I n  t h i s  procedure,  t w o  a n a l y s t s  working j o i n t l y  could 
analyze up t o  t h r e e  samples per week, which w a s  f a s t e r  than  methods 
commonly used. Nevertheless ,  before undertaking a w i d e  survey of 
t h e  rare e a r t h  concent ra t ion  and f r a c t i o n a t i o n  i n  b a s a l t i c  rocks 
and t h e i r  u l t r a m a f i c  inc lus ions ,  it was found d e s i r a b l e  t o  i n c r e a s e  
t h e  p o s s i b l e  number of samples t o  be analyzed p e r  week. 

A f u l l y  automatic  s t ep -e lu t ion  chromatography f o r  t h e  rare e a r t h  
s e p a r a t i o n  w a s  developed. T h e  ac ids  of d i f f e r e n t  concen t r a t ions  
are poured s e q u e n t i a l l y  by means of  a b ina ry  e l e c t r o n i c  counter  
(see Figure  4 ) .  This  counter  i s  followed by a binary-to-decimal 
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decoder used t o  act ivate  t h e  so lenoid  va lues  c o n t r o l l i n g  t h e  flow 
of t h e  ac ids .  The scanning and on-off information f o r  t h e  selec- 
t i o n  of  t h e  va lves  are provided by two level e l e c t r o d e s  placed 
above t h e  chromatographic column. To avoid any e l e c t r o l y s i s ,  t h e  
t w o  e l e c t r o d e s  are suppl ied  with a 1000-cps o s c i l l a t o r .  The elec- 
t r o n i c  system provides  a l s o  a manual c o n t r o l  f o r  each so leno id  
va lve ,  as w e l l  as a p r e s e l e c t o r  f o r  t h e  end-point of t h e  e l u t i o n .  
The c i r c u i t  i s  e n t i r e l y  s o l i d - s t a t e  designed and i s  f l e x i b l e  enough 
so it could be  extended t o  other  s i m i l a r  chromatographic techniques.  
With such a system, f o u r  t o  e i g h t  ana lyses  p e r  week can be performed 
wi th  only  t w o  a n a l y s t s .  The e l u t i o n  t i m e  can be extended from 
t h r e e  t o  s i x  hours ,  t hus  improving s i g n i f i c a n t l y  t h e  k i n e t i c s  of 
t h e  i o n  exchange r e a c t i o n s ,  which w i l l  i n  t u r n  g ive  a b e t t e r  separa-  
t i o n  of t h e  rare e a r t h s .  

The l a t t e r  improvement could be used even tua l ly  t o  e l i m i n a t e  any 
gamma count ing,  l eav ing  b e t a  counting which is r a p i d l y  done wi th  
a l o w  background p r o p o r t i o n a l  counter  and automatic  sample changer. 
Such a count ing procedure still remains t o  be t e s t e d .  
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PROBLEMS I N  ASTROPHYSICS 

I n v e s t i g a t o r s :  C. C. Lin,  L. N. Howard, D. Lor tz ,  A. Toomre, 

P r o j e c t  No. : DSR 9836 
L. Mestel, W. J u l i a n ,  R. Rehm,  F. H.  Shu 

1. S o l a r  Convection Zone and S o l a r  Corona 

Magnetoconvection 

A g e n e r a l  s t a b i l i t y  c r i t e r i o n  f o r  s t eady  f i n i t e  amplitude convect ion,  
mentioned i n  t h e  previous r epor t ,  has been app l i ed  t o  t h e  case  of a 
convect ion l a y e r  which i s  r o t a t i n g  about a v e r t i c a l  a x i s  and i n  which 
an e x t e r n a l  v e r t i c a l  magnetic f i e l d  i s  p resen t .  Furthermore, cer ta in  
d i f f u s i o n  processes  a r e  taken  i n t o  account,  which l e a d  t o  a d d i t i o n a l  
buoyancy f o r c e s  bes ides  t h e  e f f e c t  of thermal  expansion. The deduced 
s t a b i l i t y  c r i t e r ion ,  demonstrated f o r  t w o  r i g i d  bounding s u r f a c e s  
which are p e r f e c t  thermal  and e l e c t r i c a l  conductors ,  i s  a p p l i c a b l e  
t o  m o r e  gene ra l  kinds of  boundary cond i t ions .  

Another p r e s e n t  work is concerned wi th  some kind of a dynamo problem. 
A p h y s i c a l  model f o r  t h e  o r i g i n  of t h e  s te l la r  magnetic f i e l d s  has  
been developed. I n  t h e  l i m i t  i n  which t h e  magnetic d i f f u s i v i t y  I-I 
is  very  s m a l l  compared w i t h  the  thermal conduc t iv i ty  K it is p o s s i b l e  
t o  apply a method which allows t o  approximate non l inea r  s t eady  so lu-  
t i o n s  f o r  t h e  motions and t h e  magnetic f i e l d .  The l i m i t  Q / K < <  1 
seems t o  hold i n  most a s t r o p h y s i c a l  a p p l i c a t i o n s .  For i n s t a n c e ,  i n  
the  convect ion zone of t h e  sun TI/K i s  about The second order 
of t h e  i t e r a t i v e  procedure y i e l d s  t h e  usua l  dynamo equat ions  of 
magnetohydrodynamics with a v e l o c i t y  f i e l d  de r ived  from t h e  l i n e a r  
equa t ions  of convection. T h e  t rea tment  of t h e s e  equat ions  i s  t h e  
e s s e n t i a l  p a r t  of t h e  theory  and i s  n o t  y e t  f i n i s h e d .  Some r e s u l t s  
have been obta ined  f o r  smal l  v e l o c i t y  amplitude and for  very l a r g e  
amplitude.  However, t h e  des i r ed  gene ra t ion  of t h e  magnetic f i e l d ,  
which i s  an i n s t a b i l i t y ,  has not  y e t  been found. Never the less ,  t h e r e  
i s  some hope of proving t h a t  the i n s t a b i l i t y  e x i s t s ,  which is  i n d i -  
c a t e d  by c e r t a i n  Four i e r  t runca t ions .  The problem i s  e s s e n t i a l l y  
three-dimensional because one can show t h a t ,  f o r  example, two- 
dimensional flows a r e  n o t  ab le  t o  gene ra t e  a magnetic f i e l d .  T h i s  
seems t o  be t h e  reason why t h e  c l o s e l y  r e l a t e d  theory  of t h e  o r i g i n  
of t h e  geomagnetic f i e l d  i s  r e l a t i v e l y  incomplete. 

2. G r a v i t a t i o n a l  I n s t a b i l i t y  

A. S p i r a l  A r m s  and S p i r a l  P a t t e r n s  

I t  i s  demonstrated (Toomre and J u l i a n )  t h a t  a prominent s p i r a l  arm 
w i l l  be formed by t h e  presence of a s i n g l e  mass p o i n t  t r a v e l l i n g  
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wi th  mean ci rcular  v e l o c i t y .  Ca lcu la t ion  of a s p i r a l  p a t t e r n  i s  
progress ing  (Rehm) and var ious  new i d e a s  are being developed f o r  
t h e  explanat ion of t h e  mechanism fo r  t h e  formation of s p i r a l  pa t -  
t e r n s  (Lin and Mestel). T h i s  i nc ludes  t h e  cons ide ra t ion  of pres -  
s u r e  e f f e c t s  i n  t h e  gas ,  random d i s p e r s i o n  of  s t e l l a r  ve loc i t i e s  
with t h e  r e s u l t a n t  Landau damping. The r o l e s  played by t h e  
var ious  e f f e c t s  are becoming b e t t e r  understood, and several 
conc re t e  suggest ions are now being examined t o  demonstrate t h e s e  
ideas .  

B. The G r a v i t a t i o n a l  Col lapse of a Uniform Spheroid 

A uniform, nonro ta t ing ,  p re s su re - f r ee  sphero id  is supposed t o  
c o l l a p s e  g r a v i t a t i o n a l l y  from rest. I t  i s  shown t h a t  t h e  i n i t i a l  
e c c e n t r i c i t y  i s  s t e a d i l y  inc reased  by t h e  a n i s o t r o p i c  g r a v i t a t i o n a l  
f i e l d :  an i n i t i a l l y  o b l a t e  sphero id  tends  towards a d i s k ,  and an 
i n i t i a l l y  p r o l a t e  spheroid towards a s p i n d l e .  Numerical r e s u l t s  
are computed f o r  a series of i n i t i a l  eccentr ic i t ies .  
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INTERPLANETARY GAS FLOW ABOUT PLANETS 

I n v e s t i g a t o r s :  M. F ins ton ,  E. E. Covert, M. P.  Friedman, 

Project N o .  DSR 9837 
C. J. B a r t l e t t  

T h e  propagat ion of s m a l l  amplitude waves i n  t h e  s o l a r  wind has been 
i n v e s t i g a t e d  w i t h  t h e  use of a microscopic model f o r  t h e  plasma. 
The problem i s  a very complex one i n  t h a t  t h e  behavior  of a wave 
depends upon t h e  type  ( l o n g i t u d i n a l  o r  t r a n s v e r s e ) ,  frequency and 
wave number of t h e  wave, i t s  d i r e c t i o n  of propagat ion r e l a t i v e  t o  
a magnetic f i e l d  and the shape of t h e  plasma d i s t r i b u t i o n  func t ion .  
The temperature  and d e n s i t y  of t h e  so l a r  wind plasma have been 
reasonably w e l l  e s t a b l i s h e d  from s a t e l l i t e  da ta .  Furthermore, 
t h e r e  is evidence f o r  t h e  presence of a magnetic f i e l d  of 
gauss.  This  evidence i n d i c a t e s  t h a t  t h e  magnetic f i e l d  may be 
t u r b u l e n t .  However, t h e r e  is  l i t t l e  or  no informat ion  about the 
shape of the  plasma d i s t r i b u t i o n  func t ion .  Because t h e  l a r g e  
number of p o s s i b l e  propagat ion modes and types  of u n s t a b i l i t y  
depend so c r i t i c a l l y  upon t h e  l i t t l e  known plasma p r o p e r t i e s ,  
a t t e n t i o n  has been concent ra ted  upon t h e  s i a p l e s t  mode of osci l -  
l a t i o n ,  t h e  e l e c t r o s t a t i c  mode. 

E lec t ros ta t ic  (plasma) o s c i l l a t i o n s  are basic t o  t h e  n a t u r e  of a 
plasma. The i r  ex i s t ence  depends upon the  Coulomb i n t e r a c t i o n s  
between p a r t i c l e s .  I t  i s  w e l l  known t h a t  t w o  contra-streaming 
plasmas may be uns t ab le  t o  these waves1 (two-stream i n s t a b i l i t y ) ,  
and these i n s t a b i l i t i e s  may provide a mechanism for  t h e  t r a n s f e r  
of momentum between t h e  streams. Hoyle and Harwit2 have shown 
t h a t  such a coupl ing mechanism is  n o t  s u f f i c i e n t l y  s t r o n g  t o  ac- 
count for  t h e  observed d e f l e c t i o n  of comet t a i l s  i n  t h e  so la r  wind 
f l o w .  However, t h e i r  a n a l y s i s  is  based upon t h e  l i n e a r i z e d  Vlasov 
equat ion  which can p r e d i c t  t h e  i n i t i a l  growth of a d i s tu rbance  
b u t  n o t  t h e  f i n a l  equ i l ib r ium s ta te  which t h e  plasma w i l l  a t t a i n .  
Furthermore,  S t i x  (Ref. 1, p. 1 5 4 )  has  po in t ed  o u t  t h a t  electro- 
s t a t i c  i n s t a b i l i t i e s  have been found exper imenta l ly  under cond i t ions  
which t h e  l i n e a r i z e d  Vlasov equat ion p r e d i c t e d  t o  be stable. These 
cons ide ra t ions  sugges t  a somewhat d i f f e r e n t  approach t o  t h e  problem 
of plasma waves than t h e  one convent iona l ly  used. 

A f u l l  momentum-space d e s c r i p t i o n  of  t h e  plasma i s  being attempted. 
The approach i s  c l a s s i c a l  i n  t h a t  a p a r t i c l e  i s  assumed t o  have a 
p o i n t  charge and mass. T h e  L i o u v i l l e  equat ion  f o r  t h e  ensemble 
d i s t r i b u t i b n  F N t N  of N p a r t i c l e s  may be i n t e g r a t e d  over  N-v 
s p a t i a l  v a r i a b l e s  t o  o b t a i n  a h ie rarchy  of equat ions  f o r  t h e  
func t ion  FNtv  of N v e l o c i t y  and v p o s i t i o n  coord ina tes .  
member of t h i s  h i e ra rchy  has t h e  f o r m  

A t y p i c a l  
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This  h i e ra rchy  of  equat ions  i s  e n t i r e l y  e q u i v a l e n t  t o  t h e  L i o u v i l l e  
equat ion ,  and a s i m p l i f i c a t i o n  i s  achieved only  i f  a c l o s u r e  t o  t h e  
h i e ra rchy  i s  found. 
coupled equat ions  for  F ‘O,  t h e  spatially-homogeneous N-body momentum 
d i s t r i b u t i o n ,  F N , O  + hNr1 , t h e  gene ra l i zed  s i n g l e  p a r t i c l e  d i s t r i -  
bu t ion ,  and g N f 2 ,  t h e  gene ra l i zed  two-par t ic le  c o r r e l a t i o n .  

I f  s p a t i a l  c o r r e l a t i o n  e f f e c t s  are neglec ted  (gNt2 % 0) and a s p a t i a l  
Four i e r  t ransform i s  taken ,  t h e  equat ion  f o r  t h e  s p a t i a l  inhomogene- 
i t i e s  has  t h e  form 

S-h a c l o s u r e  has been found l eav ing  t h r e e  

This  equat ion  can be reduced t o  t h e  l i n e a r i z e d  Vlasov equat ion  by 
i n t e g r a t i n g  over N-1 v e l o c i t y  v a r i a b l e s  and in t roduc ing  a f u r t h e r  
s impl i fy ing  assumption. The ope ra to r  H con ta ins  only rea l  elements 
and i s  s e l f - a d j o i n t ,  and t h e  normal modes are s t a b l e  i n  t h e  sense  
t h a t  t h e i r  amplitude w i l l  n e i t h e r  i n c r e a s e  nor decrease  wi th  t i m e .  
I t  seems poss ib l e  t h a t  from a knowledge of t h e s e  normal modes, when 
t h e  level  of d e s c r i p t i o n  of t h e  plasma i s  reduced t o  t h a t  of t h e  
d i s t r i b u t i o n  func t ion  f o r  a s i n g l e  p a r t i c l e ,  some f u r t h e r  i n s i g h t  
i n t o  plasma i n s t a b i l i t i e s  and t h e  way i n  which t h e i r  amplitude i s  
l i m i t e d  may be gained. 
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ELECTRODE STUDIES I N  MAGNETOGASDYNAMIC 

GENERATORS AND ACCELERATORS 

I n v e s t i g a t o r s :  M. A. Hoffman, G. C. O a t e s  
P r o j e c t  No.: DSR 9838 

An understanding of t h e  c u r r e n t  behavior  i n  segmented electrode 
geometr ies  when ope ra t ing  i n  a d i f f u s e  c u r r e n t  mode is  fundamental 
t o  t h e  i n t e r p r e t a t i o n  of t h e  opera t ing  behavior  of l i n e a r  MGD 
g e n e r a t o r s  and a c c e l e r a t o r s .  I n v e s t i g a t i o n s  of the  electric 
c u r r e n t  d i s t r i b u t i o n  i n  magnetogasdynamic devices  which employ 
s t e a d y  l i n e a r  flows are now i n  progress .  

I n i t i a l  experiments w e r e  performed on a heat-exchanger f a c i l i t y  
us ing  a 30 kw plasmagun as t h e  b a s i c  h e a t  source.  A s m a l l  test 
s e c t i o n  of boron n i t r i d e  wi th  t h r e e  p a i r s  of tantalum e l e c t r o d e s  
w a s  used in t h e  first runs.  The t e s t - s e c t i o n  flow channel w a s  
0.5 x 0.7  em i n  cross s e c t i o n  and 6.25 cm long. The plasma con- 
sisted of 1 g/sec of argon seeded wi th  a s m a l l  amount of potassium. 

I t  w a s  found t h a t  t h e  t es t  s e c t i o n  could n o t  be made t o  o p e r a t e  i n  
t h e  d i f f u s e  c u r r e n t  mode because n o t  only was t h e  plasma entha lpy  
t o o  l o w  t o  raise t h e  e l e c t r o d e  temperatures  s u f f i c i e n t l y ,  b u t  t h e  
potassium seed-flow system w a s  a l s o  l i m i t e d  i n  c a p a c i t y ,  so t h a t  
i n s u f f i c i e n t  coa t ing  of t h e  e l e c t r o d e s  was obtained.  As a r e s u l t ,  
a d i f f u s e  c u r r e n t  could n o t  be supported a t  c u r r e n t  loadings  of 
more than  a few mil l iamperes  and an a rc ing  mode w a s  encountered. 

A modif ied f a c i l i t y  has  been cons t ruc t ed  around t h e  plasmagun used 
i n  t h e  prev ious  experiments.  
i n t o  a g r a p h i t e  plenum, i n  which t h e  high-temperature gas  f r o m  t h e  
arc is  mixed wi th  a secondary f l o w  which i s  prehea ted  i n  a p o t  of 
molten lead .  Immersed i n  t h e  l ead  p o t  is  a s t a i n l e s s  steel  potas -  
sium b o i l e r  which f eeds  p r e c i s e  amounts of potassium i n t o  t h e  
secondary flow. The combined f l o w s  then  a r e  f e d  i n t o  a test  sec- 
t i o n  mounted on t o p  of t h e  plenum. 

The plasmagun now feeds  d i r e c t l y  

I n i t i a l  runs  on t h i s  f a c i l i t y  have y i e l d e d  some i n t e r e s t i n g  r e s u l t s .  
A somewhat l a r g e r  boron-n i t r ide  s e c t i o n  wi th  a 1.5 x 1.5 c m  cross 
s e c t i o n  w a s  used (F igure  1). The e l e c t r o d e  conf igu ra t ion  once 
aga in  c o n s i s t e d  of t h r e e  p a i r s  of tantalum e l e c t r o d e s  w i t h  t h e  
c e n t e r  e l e c t r o d e  subdivided i n t o  t h r e e  sections. Measurement of 
t h e  c u r r e n t  t o  each s e c t i o n  of t h e  e l e c t r o d e  g i v e s  a th ree -po in t  
c u r r e n t  d i s t r i b u t i o n .  I n  add i t ion ,  ex tens ive  probe measurements 
w e r e  provided f o r .  
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Typica l  experimental  r e s u l t s  are shown i n  F igu re  2. The working 
f l u i d  employed w a s  a mixture  of argon and n i t r o g e n  seeded w i t h  
potassium a t  a gas  temperature  of about 1500O K. 

Pre l iminary  theoretical r e s u l t s  are a lso ind ica t ed .  The theoretical  
model assumes uniform v e l o c i t y ,  temperature  and e lectr ical  con- 
d u c t i v i t y  of the  gas  f l o w .  I n  a d d i t i o n ,  t h e  theory  assumes a 
cons t an t  electrode p o t e n t i a l  and no shea th  vo l t age  drops ,  and as 
such i s  s i m i l a r  t o  t h a t  of Reference 1. I t  can be seen  f r o m  
F igure  2 t h a t  t h e  c u r r e n t  concent ra t ions  are s u b s t a n t i a l l y  less 
seve re  than t h e  i d e a l i z e d  theory  p r e d i c t s .  

I n  o r d e r  t o  estimate t h e  e f f e c t  of a current-dependent sheath 
p o t e n t i a l  on the  c u r r e n t  concen t r a t ion ,  t h e  i n l e t  c u r r e n t  d i s t r i -  
bu t ion  t o  an MHD channel w a s  ca l cu la t ed2 ,  assuming a l i n e a r  depen- 
dence of t h e  shea th  vo l t age  on t h e  normal c u r r e n t  d e n s i t y  of t h e  
e l e c t r o d e .  The  sheath effects g r e a t l y  reduced t h e  c u r r e n t  con- 
c e n t r a t i o n  i n  much t h e  same manner as i n d i c a t e d  i n  these exper i -  
mental  r e s u l t s .  

Therefore, the pre l iminary  conclusion i s  t h a t  shea th  effects  are 
prominent i n  reducing t h e  c u r r e n t  concen t r a t ions  i n  segmented 
electrode geometries.  The r e s u l t s  are encouraging i n  t h a t  they  
i n d i c a t e  t h a t  smal l - sca le  experiments can y i e l d  u s e f u l  information 
on t h i s  problem. Fur the r  runs are planned a t  h ighe r  gas tempera- 
t u r e s  i n  both the  equ i l ib r ium and nonequi l ibr ium electr ical  
conduc t iv i ty  regimes. I n  a d d i t i o n ,  p o s s i b l e  mod i f i ca t ions  of t h e  
t h e o r e t i c a l  model t o  inc lude  shea th  effects w i l l  be explored.  
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Fig. I - Test Section 71: 
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SHEAR FLOWS 

c 

I n v e s t i g a t o r s :  E. L. Mollo-Christensen, F. K. Browand 
Project No. : DSR 9839 

The o b j e c t i v e  is t o  i n v e s t i g a t e  exper imenta l ly  t he  s t a b i l i t y  of 
shear f l o w s .  

Couet te  Flow S t a b i l i t y  

The i n v e s t i g a t i o n  of t h e  s t a b i l i t y  of r e c t i l i n e a r  Couet te  f l o w  is 
making slow b u t  s t eady  progress  and w i l l  be  completed i n  e a r l y  
s p r i n g  1965. A t  t h a t  t i m e ,  t he  appara tus  w i l l  be  used t o  examine 
tu rbu lence  i n  t h e  Couet te  flow channel.  The large t u r b u l e n t  edd ie s  
appear  t o  be s t a t i o n a r y  i n  t h e  l a b o r a t o r y  frame f o r  long pe r iods  of 
t i m e ,  and w e  w i l l  a t tempt  to  measure Lagrangian measures of turbu-  
lence ,  such as t h e  j o i n t  p r o b a b i l i t y  of relative a c c e l e r a t i o n  of 
labeled p a r t i c l e s .  This  seems t o  be  an impor tan t  p i e c e  of informa- 
t i o n ,  both f o r  d i f f u s i o n  problems and i n  g e n e r a l  f o r  the dynamics 
of turbulence .  The information ob ta ined  would provide va luab le  
suppor t  fo r  R. Kraichman's l a t e s t  work on t h e  theory  of turbulence1.  

T h e  experiments on s t r a t i f i e d  shea r  f l o w  have been d iscont inued  
u n t i l  an i n t e r e s t e d  s t u d e n t  shows up. 

Kelvin-Helmholz I n s t a b i l i t y  of a Free Shear Layer 

F. K. Browand has  r ece ived  suppor t  through t h i s  g r a n t  f o r  cont inua-  
t i o n  of h i s  i n v e s t i g a t i o n  of i n s t a b i l i t y  and t r a n s i t i o n  i n  a f r e e  
s h e a r  l aye r .  The experiments have been completed and t h e  r e s u l t s  
a r e  c u r r e n t l y  being w r i t t e n  up as M r .  Browand's doctoral d i s s e r t a -  
t i o n .  

The detailed development of the  non l inea r  d i s tu rbances  i n  a free 
shear l a y e r ,  t h e i r  s p e c t r a ,  amplitude d i s t r i b u t i o n s ,  phase velo-  
c i t i es  and rates of change i n  t h e  streamwise d i r e c t i o n  have been 
described i n  d e t a i l ,  and a number of t h e o r e t i c a l  c o n t r i b u t i o n s  made 
t o  t h e  understanding of such processes. 

Three-Dimensional Disturbances i n  a C y l i n d r i c a l  Free Shear Layer 

The e x i s t e n c e  of h i g h e r  harmonics of t n e  Benny-Lin waves i n  a c y l i n -  
d r i c a l  free shear l a y e r  w a s  repor ted  a t  t he  November meeting of t h e  
F lu id  Mechanics Div is ion ,  A P S 2 .  
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I n v e s t i g a t i o n  of t h e  Ekman Layer 

I n  a d d i t i o n  t o  t h e  work mentioned above, an appara tus  i s  under 
c o n s t r u c t i o n  f o r  i n v e s t i g a t i o n  of t h e  boundary l a y e r  i n  a r o t a t i n g  
system, t h e  Ekman l aye r .  Q u a n t i t a t i v e  obse rva t ions  w i l l  be made 
of t h e  Ekman boundary l a y e r  f o r  a range of Rossby numbers covering 
t h e  parameters from t h e  pure P r a n d t l  boundary l a y e r  t o  t h e  Ekman 
l a y e r  and observing t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  of such l a y e r s .  
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GASEOUS NUCLEAR ROCKETS 

I n v e s t i g a t o r s :  J. L. Kerrebrock, S. Chinnaswamy 
P r o j e c t  No.:  DSR 9840 

The immediate r e sea rch  o b j e c t i v e  of t h i s  p r o j e c t  i s  to assess t h e  
f e a s i b i l i t y  of containment (or s e p a r a t i o n )  of gases  i n  h igh-s t rength  
v o r t e x  flows. I n  t h e  absence of a s a t i s f a c t o r y  theory  f o r  t h e  
three-dimensional  flow i n  such v o r t i c e s ,  w e  have chosen t o  s tudy  
t h e i r  p r o p e r t i e s  experimental ly .  W e  have at tempted t o  determine 
t h e  i n f l u e n c e  of  t h e  geometr ical  parameters  of t h e  v o r t e x  on t h e  
connect ion between t h e  t a n g e n t i a l  Mach number and t h e  r a d i a l  
Reynolds number. 

I n  p a r t i c u l a r ,  w e  have s t u d i e d  t h e  e f f e c t  of t h e  length- to-diameter  
ra t io  of t h e  vor tex ,  s i n c e  t h i s  parameter had n o t  been v a r i e d  
p rev ious ly ,  and s i n c e  both  theory and previous  experiments have 
sugges ted  t h a t  much of t h e  loss i n  such v o r t i c e s  i s  due t o  f r i c t i o n  
on t h e  end w a l l s  of t h e  v o r t e x  channels.  

As expected,  w e  f i n d  t h a t  for a given r a d i a l  Reynolds number, t h e  
peak t a n g e n t i a l  Mach number inc reases  almost l i n e a r l y  with inc reas -  
i n g  length- to-diameter  ra t io ,  f o r  va lues  of t h e  r a t io  up t o  about 20. 

The Mach number then ,  however, decreases  r a p i d l y  as t h e  l eng th  i s  
f u r t h e r  increased .  This was not  expected,  b u t  perhaps should have 
been. W e  b e l i e v e  t h e  decrease  is  due t o  r e s t r i c t i o n  of t h e  flow 
through t h e  exhaus t  ho le  a t  the  end of t h e  vo r t ex ,  due t o  t h e  s t r o n g  
v o r t e x  motion. The r a d i a l  p re s su re  g r a d i e n t  of t h e  vo r t ex  i s  so 
g r e a t  t h a t  apprec i ab le  mass flow through t h e  nozzle  occurs  only i n  
a narrow annulus nea r  t h e  w a l l .  Th is  appears  t o  be a b a s i c  l i m i t a -  
t i o n  on t h e  pe rmis s ib l e  length-to-diameter r a t io  of vo r t ex  tubes  . 
With t h e  (optimum) length-to-diameter r a t io  of 20,  t h e  maximum 
t a n g e n t i a l  Mach number is  nea r  u n i t y ,  and t h i s  may be s u f f i c i e n t  
t o  g i v e  some gas  sepa ra t ion .  W e  are p r e s e n t l y  a s s e s s i n g  t h i s  
p o s s i b i l i t y  t h e o r e t i c a l l y .  

I n  a d d i t i o n ,  w e  have at tempted t o  increase t h e  pe rmis s ib l e  length-  
to-diameter  ra t io ,  and hence t h e  t a n g e n t i a l  v e l o c i t y ,  by provid ing  
e x i t  nozz les  i n  both  ends of t h e  vortex tube. If o u r  p r e s e n t  under- 
s t and ing  i s  correct, t h i s  should r e s u l t  i n  a supersonic  t a n g e n t i a l  
Mach number. These experiments a r e  being conducted c u r r e n t l y .  

It  appears  t h a t  w e  are close t o  r e a l i z i n g  ou r  s t a t e d  o b j e c t i v e .  I f  
it is  concluded t h a t  vo r t ex  containment should be f e a s i b l e ,  gas  
s e p a r a t i o n  experiments w i l l  be  i n i t i a t e d .  I f  n o t ,  the  s tudy  of 
v o r t e x  containment w i l l  be terminated. 
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AN INVESTIGATION OF FREE-MOLECULE FLOW FIELDS 

I n v e s t i g a t o r s :  R. E. St ickney,  R. Keating, S. Yamamoto 
Project No. : DSR 9841 

In t roduc t ion  

The primary o b j e c t i v e  of t h i s  work i s  t o  s tudy  t h e  flow f i e l d s  of 
gases  a t  extremely low p res su res .  Of p a r t i c u l a r  i n t e r e s t  are t h e  
f l o w  f i e l d s  a s s o c i a t e d  w i t h :  

1. G a s e s  e j e c t e d  f r o m  bodies  i n  space 

2. High-a l t i tude  f l i g h t  

3 .  Vacuum pumps and s y s t e n s  

These three problem a r e a s  a r e  c l o s e l y  r e l a t e d  due t o  the i r  common 
dependence on k i n e t i c  theory and on high-vacuum techniques.  Funda- 
mental  i n v e s t i g a t i o n s  which a r e  r e l e v a n t  t o  a l l  t h r e e  problems have 
been s e l e c t e d  f o r  t h e  p r e s e n t  r e sea rch  program. 

O r i f i c e  Flow 

An appara tus  has been cons t ruc t ed  f o r  i n v e s t i g a t i o n s  of f l o w  through 
a sharp-edged o r i f i c e  i n  t h e  t r a n s i t i o n  regime between t h e  free- 
molecule and continuum l i m i t s .  A b r i e f  summary of t h e  p re l imina ry  
r e s u l t s  is  presented  below; a more d e t a i l e d  d e s c r i p t i o n  of t h i s  work 
i s  given i n  a r e c e n t  S . M .  thesis by W. J. Hastings.’  

S ince  t h e  appara tus  w a s  descr ibed  i n  a previous  p rogres s  r e p o r t , 2  
it s u f f i c e s  he re  t o  say  t h a t  t h e  flow f i e l d  of cesium vapor e f f u s i n g  
from an o r i f i c e  w a s  determined by employing a s u r f a c e  i o n i z a t i o n  
detector. The i n t e n s i t y  of t h e  flow a t  va r ious  angles  f r o m  t h e  
o r i f i c e  c e n t e r l i n e  w a s  measured over  a range of Knudsen numbers. 
(The  Knudsen number i s  de f ined  here  a s  t h e  r a t io  X/D, where X i s  t h e  
mean-free-path of t h e  cesium vapor upstream of t h e  or i f ice ,  and D i s  
t h e  diameter  of t h e  o r i f i c e . )  

A p o l a r  p l o t  of pre l iminary  r e s u l t s  f o r  Knudsen numbers (Kn) of 46.7, 
1 . 2 0 ,  and 0.71 i s  shown i n  Figure 1. I n  t h e  case of Kn = 46.7, one 
would expec t  t h a t  t h e  flow could be r ep resen ted  a c c u r a t e l y  by t h e  
s imple cos ine  l a w  of e f f u s i o n ; 3  t h a t  t h i s  is  n o t  found i n  t h e  p r e s e n t  
experiment i s  due, most l i k e l y ,  t o  t h e  f i n i t e  t h i ckness  of t h e  l i p s  
of t h e  o r i f i c e .  (The diameter  and t h i c k n e s s  of the  o r i f i c e  are 
0.0084 and 0.003 inches ,  r e s p e c t i v e l y . )  Although t h i s  e f f e c t  has  
been t r e a t e d  a n a l y t i c a l l y  by Clausing4 and DeMarcus? w e  p l an  t o  avoid 
t h i s  complicat ion i n  t h e  f u t u r e  by employing t h i n n e r  orifices. 
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. 
As t h e  Knudsen number decreases, w e  would expec t  a t r a n s i t i o n  from 
t h e  c o s i n e  p a t t e r n  of  f r e e  molecule flow t o  t h e  " d i r e c t e d  je t"  
a s s o c i a t e d  wi th  continuum flow. This  t r e n d  i s  i l l u s t r a t e d  by t h e  
r e s u l t s  f o r  Kn = 1 . 2 0  and Kn =.0.71 i n  Figure 1. 
i n g  t o  e x p l a i n  this c h a r a c t e r i s t i c  of t h e  flow us ing  k i n e t i c  theory.  
I t  is be l i eved  t h a t  t h e  primary f e a t u r e  is  t h e  f a c t  t h a t  t h e  d e n s i t y  
of t h e  gas immediately upstream of t h e  o r i f i c e  is  lowest a long t h e  
c e n t e r  l i n e  ( e  = 0 ) ,  t h e  r e s u l t  be ing  t h a t  more molecules can e f f u s e  
along t h e  c e n t e r l i n e  because of t h e  inc reased  mean-free-path. 

W e  are now attempt- 

W e  are now a t tempt ing  t o  inc rease  both t h e  range and t h e  accuracy 
of t h e  expe r imen ta l -da t a .  I n  add i t ion  t o  t h i s ,  equipment f o r  
measuring t h e  v e l o c i t y  d i s t r i b u t i o n  of t h e  e f f u s i n g  stream is  being 
developed. 

D i f fus ion  Pumps and. Ejgctors 

A complete theory  of t h e  opera t ion  of t h e  d i f f u s i o n  pump and t h e  
vacuum ejector has  n o t  y e t  been developed. 
y e a r s  there has been a con t inua l  cont roversy  regard ing  t h e  p r i n c i p a l  
pumping mechanisms of t h e s e  devices .  W e  have completed an ex tens ive  
survey of l i t e r a tu re  p e r t a i n i n g  t o  t h e  d i f f u s i o n  pump, and have 
t r a n s l a t e d  a Russian paper6 which appears  t o  be one of t h e  m o s t  
thorough s tudies  i n  t h i s  area. Based on t h e  e x i s t i n g  l i t e r a t u r e  
and t h e  r e s u l t s  of ou r  q u a l i t a t i v e  ana lyses ,  it i s  concluded t h a t  
t h e  pumping mechanisms depend most s t r o n g l y  on t h e  c h a r a c t e r i s t i c s  
of  t h e  f l o w  f i e l d  of t h e  j e t .  Therefore ,  w e  have decided t o  con- 
c e n t r a t e  our  e f f o r t s  on t h i s  problem as d i scussed  i n  t h e  previous 
section above. 

Throughout t h e  p a s t  50 
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SUPERSONIC COMBUSTION WITH AND WITHOUT ELECTROMAGNETIC EFFECTS 

I n v e s t i g a t o r s :  T. Y. Toong, J. B. McVey, R. A l p e r t ,  S. B. L e e  
Project No. : DSR 9842 

The f l u i d  mechanic-chemical k i n e t i c  i n t e r a c t i o n s  which permi t  t h e  
e x i s t e n c e  of chemical r e a c t i o n  r a t e s  of s u f f i c i e n t  magnitude t o  
produce s e l f - s u s t a i n e d  supersonic  combustion waves a r e  under inves- 
t i g a t i o n .  Emphasis has thus  f a r  been p laced  on t h e  c o n s t r u c t i o n  
of an experimental  appara tus  i n  which t h e s e  i n t e r a c t i o n s ,  which 
are of an o s c i l l a t o r y  n a t u r e  r e s u l t i n g  from f l o w  i n s t a b i l i t i e s  and 
a c c o u s t i c  e f f e c t s ,  can be s t u d i e d  by means of s p a r k  shadowgraph 
and s c h l i e r e n  photography. The appara tus  c o n s i s t s  of a b a l l i s t i c  
range i n  which p r o j e c t i l e s  can be launched a t  speeds up t o  8000 
feet /second i n t o  an instrumented test  s e c t i o n  f i l l e d  wi th  a com- 
b u s t i b l e  mixture.  

Cons t ruc t ion  of t h e  major components of t h e  test f a c i l i t y  has  been 
completed. I n s t a l l a t i o n  of t he  in s t rumen ta t ion  i s  proceeding wi th  
emphasis being p laced  on t h e  e l e c t r o n i c s  system. This  w i l l  be 
fol lowed by i n s t a l l a t i o n  of t he  h igh-qual i ty  o p t i c a l  system. Con- 
c u r r e n t l y  with t h e  in s t rumen ta t ion  work, t h e  range i s  being opera ted  
a s  a de tona t ion  tube  t o  check t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  system 
and t o  i n v e s t i g a t e  t h e  ins t rumenta t ion  problems a s s o c i a t e d  wi th  t h e  
u t i l i z a t i o n  of  var ious  fue l -ox id ize r  combinations. 

I n  i t s  c u r r e n t  conf igu ra t ion  t h e  range i s  capable  of producing 
s ing le - spa rk  shadowgraphs w i t h  l i g h t  from a p o i n t  source  pas s ing  
i n t o  and o u t  of t h e  t es t  s e c t i o n  through p l e x i g l a s s  windows. U l t i -  
mately,  h igh-qual i ty  s c h l i e r e n  photographs w i l l  be produced by 
u t i l i z i n g  a s i n g l e  internally-mounted spherical ly-ground mi r ro r .  
S ince  the  q u a l i t y  of t h e s e  photographs i s  dependent on t h e  p re se r -  
v a t i o n  of t h e  o p t i c a l  s u r f a c e  of t h e  m i r r o r ,  tests a r e  being carried 
o u t  t o  determine t h e  effects of de tona t ing  gas  mixtures  on such 
s u r f a c e s .  For t h e s e  tests, the  range i s  being opera ted  as a deton- 
a t i o n  tube  w i t h  convent ional  spark i g n i t i o n .  S to i ch iomet r i c  mix- 
t u r e s  of ace ty l ene  and oxygen a t  p r e s s u r e s  ranging from 25  t o  60 
mm. H g  have been used. Thus f a r  a f t e r  approximately 25 runs ,  no 
e r o s i v e  e f f e c t s  on t h e  g l a s s  s u r f a c e s  have been observed: however, 
o b j e c t i o n a b l e  d e p o s i t s  of combustion products ,  l i k e l y  carbon, have 
been noted. These d e p o s i t s  may be c h a r a c t e r i s t i c  of a l l  hydrocarbon 
f u e l s  and t h u s  a t tempts  w i l l  be made t o  c a r r y  o u t  experiments wi th  
o t h e r  de tonable  mixtures  such as  N H 3  - 0, and H, - 0,. 

The c u r r e n t  tests have i n d i c a t e d  t h a t  p rov i s ions  f o r  mixing and 
t r a n s f e r r i n g  t h e  combustion gases t o  t h e  tes t  s e c t i o n  are s a t i s f a c t o r y  
and t h a t  t h e  gene ra l  s t r u c t u r a l  des ign  of t h e  t es t  s e c t i o n  is  sound. 
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The e l e c t r o n i c s  s y s t e m  r equ i r ed  f o r  t h e  synchroniza t ion  of t h e  
photographic  s y s t e m  wi th  t h e  f l i g h t  of t h e  p r o j e c t i l e  i s  c u r r e n t l y  
being checked out .  The i n i t i a l  event  sensed  i s  t h e  passage of t h e  
p r o j e c t i l e  through a l i g h t  beam produced by focus ing  t h e  image of 
a ribbon f i lament  lamp a t  t h e  c e n t e r  of t h e  l i n e  of f l i g h t .  The 
image i s  then  refocused on a pho tomul t ip l i e r  tube  which t r a n s m i t s  
a s i g n a l  t o  a Tektronix 555 o s c i l l o s c o p e  which acts as t h e  b a s i c  
t iming device.  Operation of t h e  l i g h t  s c r e e n  w i l l  be s a t i s f a c t o r y  
i f  t h e  l i g h t  reaching t h e  pho tomul t ip l i e r  i s  dominated by t h e  lamp 
emission as opposed t o  emission from combustion products .  T e s t s  
w i t h  t h e  C2H2-  0 2  gases i n d i c a t e  t h a t  combustion product  emission 
may dominate unless  a s a t i s f a c t o r y  f i l t e r i n g  arrangement i s  devised.  
Highly luminous de tona t ion  i s  c h a r a c t e r i s t i c  of hydrocarbon f u e l s  
and t h i s  problem is expected t o  be less c r i t i c a l  w i t h  o t h e r  f u e l -  
o x i d i z e r  combinations. 

The e l e c t r o n i c  c i r c u i t s  r equ i r ed  t o  form t h e  t r i g g e r i n g  p u l s e  f o r  
t h e  spa rk  l i g h t  sources  have been cons t ruc t ed  and checked out .  The 
submicrosecond time-delay u n i t  which w i l l  be r equ i r ed  t o  permi t  t h e  
t ak ing  of t w o  s c h l i e r e n  photographs w i t h i n  a pe r iod  of less than  a 
f u l l  c y c l e  of t h e  f low o s c i l l a t i o n  w i l l  be  based on a mod i f i ca t ion  
of a c i r c u i t  c u r r e n t l y  being developed f o r  use i n  t h e  Lincoln Labor- 
a t o r y  Re-entry Simulat ion Range. 

The l i g h t  sources  t o  be u t i l i z e d  c o n s i s t  of a p o i n t  source  fo r  t h e  
shadowgraph s y s t e m  and l i n e  sources  f o r  t h e  s c h l i e r e n  system. The 
p o i n t  source  i s  a convent ional  des ign  i n  which l i g h t  f r o m  a spark  
d i scha rge  i s  t r ansmi t t ed  through an annular  anode. T h e  l i n e  sources  
are of a new design i n  which a spark  is d ischarged  between tungs t en  
f i l amen t s  imbedded i n  a s l o t  m i l l e d  o n t o  t h e  f a c e  of  a q u a r t z  block! 
This  des ign  produces a h ighly  s t a b l e  d ischarge  which is  necessary  
f o r  high-qual i ty  s c h l i e r e n  work. 

Since it i s  expected t h a t  under c e r t a i n  cond i t ions  ful ly-developed 
de tona t ion  waves w i l l  be genera ted  i n  t h e  t es t  s e c t i o n ,  instrumenta-  
t i o n  t o  determine t h e  c h a r a c t e r  of t h e s e  waves is being i n s t a l l e d .  
A series of i o n i z a t i o n  gaps f o r  measurement of t h e  wave speed has 
been p laced  downstream of t h e  photographic  s t a t i o n .  The i o n i z a t i o n  
gaps and a s s o c i a t e d  c i r c u i t r y  are of convent iona l  des ign .2  I t  i s  
a l s o  planned t o  determine t h e  l e v e l  of i n s t a b i l i t y  o r ,  e q u i v a l e n t l y ,  
t he  s p i n  mode by use  of t h e  "soot technique".  Pre l iminary  tests 
of t h i s  technique have been c a r r i e d  o u t  by i n s e r t i n g  0.015 inch  t h i c k  
v i n y l  sheets i n t o  t h e  f i n a l  t w o  f e e t  of t h e  tube. A s a t i s f a c t o r y  
soot c o a t i n g  has y e t  t o  be worked ou t .  

I t  is a n t i c i p a t e d  t h a t  e a r l y  i n  t h e  nex t  r e p o r t  pe r iod  t h e  p r o j e c t i l e  
launching device w i l l  be f i r ed  and t h a t  photographs of t h e  phenomena 
of i n t e r e s t  w i l l  be obtained.  I t  is then  planned t o  p l a c e  emphasis 
on an a n a l y s i s  of t h e  flow i n s t a b i l i t i e s  so t h a t  an e f f e c t i v e  t es t  
program can be c a r r i e d  out .  
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THE EFFECT OF AXIAL HEAT FLUX DISTRIBUTION 

ON BURNOUT HEAT FLUX 

I n v e s t i g a t o r s :  W. M. Rohsenow, P. G r i f f i t h ,  N.  E. Todreas 
P r o j e c t  N o . :  DSR 9843 

The o b j e c t i v e  of t h i s  program i s  t o  perform a sys t ema t i c  exper i -  
mental  and a n a l y t i c a l  i n v e s t i g a t i o n  on t h e  e f f e c t  of nonuniform 
a x i a l  h e a t  f l u x  d i s t r i b u t i o n  on c r i t i ca l  h e a t  f l ux .  This  w i l l  
permi t  t h e  thermal l i m i t s  of water-cooled reactor and nozz le  
systems, which i n h e r e n t l y  possess  marked nonuniform ope ra t ing  
e f f i c i e n c i e s ,  t o  be correspondingly improved. The m o s t  impor tan t  
thermal  l i m i t  of t h e s e  systems i s  t h e  so -ca l l ed  "burnout" or 
c r i t i c a l  h e a t  f l u x  which i s  a s s o c i a t e d  w i t h  t h e  sha rp  r educ t ion  
i n  a b i l i t y  t o  t r a n s f e r  h e a t  from t h e  heated s u r f a c e .  Since t h e  
conclusion from l i m i t e d  d a t a  of o ther  i n v e s t i g a t o r s  i s  t h a t  non- 
uniform heat  f l u x  d i s t r i b u t i o n s  may lower t h e  c r i t i c a l  h e a t  f l u x  
compared t o  uniform h e a t  f l u x  d i s t r i b u t i o n s ,  t h i s  program w a s  
undertaken as t h e  s t a t e d  o b j e c t i v e  i n d i c a t e s  t o  a t t empt  t o  d e l i n -  
eate t h e  effect  of hea t  f l u x  d i s t r i b u t i o n .  

Necessary modi f ica t ions  t o  an e x i s t i n g  f l o w  loop avai lable  i n  t h e  
Heat T r a n s f e r  Laboratory of t h e  Mechanical Engineer ing Department 
have been completed and i n i t i a l  c a l i b r a t i o n  runs w i t h  uniformly 
hea ted  test s e c t i o n s  a t  t h e  selected tes t  cond i t ions  have been 
performed. Subsequent t o  t h i s  work,machining of t es t  s e c t i o n s  t o  
y i e l d  nonuniform a x i a l  f l u x  d i s t r i b u t i o n s  w a s  undertaken and i s  
cont inuing  on aluminum tubes.  These f l u x  d i s t r i b u t i o n s  are achieved 
by e lec t r ica l  r e s i s t a n c e  hea t ing  of  t h e  w a l l  of t e s t  s e c t i o n s  which 
have been machined t o  dimensions y i e l d i n g  cos ine ,  l i n e a r  i n c r e a s i n g  
and l i n e a r  decreasing f l u x  shapes.  Of t h e s e  t es t  s e c t i o n s ,  cos ine  
shapes of t h r e e  degrees of t r u n c a t i o n ,  and a l i m i t e d  number of 
l i n e a r l y  inc reas ing  shaped s e c t i o n s  have been machined and t e s t e d  
i n  t he  a v a i l a b l e  low-pressure loop f a c i l i t y .  

From t h e  data  a v a i l a b l e  on c r i t i c a l  h e a t  f o r  these f l u x  shapes,  t h e  
fo l lowing  r e s u l t s  are ind ica t ed .  For g iven  flow and i n l e t  cond i t ions ,  
t h e  t o t a l  power i n p u t  t o  y i e l d  burnout i s  approximately t h e  same 
fo r  t h e  f l u x  shape b u t  may r e s u l t  from t h e  f a c t  t h a t  f o r  t h e  f l u x  
shapes t e s t e d ,  t h e  dryout  of t h e  l i q u i d  f i l m  cool ing  the  t es t  sec- 
t i o n  w a l l  is  achieved only by evapora t ion ,  whereas f o r  other f l u x  
shapes which can be selected bubble nuc lea t ion  may occur  and accel- 
e r a t e  t h e  removal o f  t h e  cool ing  l i q u i d  f i lm.  

Future  work w i l l  aim a t  a n a l y t i c a l l y  p r e d i c t i n g  t h e  achievement of 
t h e  f i l m  dryout ,  i .e . ,  burnout by (a)  evapora t ion  and (b)  evapora- 
t i o n  and nuc lea t ion ,  and a t  exper imenta l ly  performing tests i n  which 
bo th  t h e s e  mechanisms are o p e r a t i v e  i n  caus ing  burnout . 
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PROBLEMS I N  RADIATIVE HEAT TRANSFER 

I n v e s t i g a t o r s :  H. C. H o t t e l ,  A. F. Sarofim, W, H. D a l z e l l ,  

Project N o .  : DSR 9844 
D. K. Sze  

S c a t t e r i n g  and Emission by Soot Particles 

S t u d i e s  of t h e  mechanism of formation and burn-out of s o o t  p a r t i c l e s  
have been continued. These inc lude  t h e  development of l i g h t  
s c a t t e r i n g  as a t o o l  f o r  measuring soot concen t r a t ions  i n  h o t  
combustion gases ,  t h e  de te rmina t ion  of t h e  o p t i c a l  p r o p e r t i e s  of 
soot,  and t h e  measurement of concen t r a t ion  and p a r t i c l e  s i z e  
d i s t r i b u t i o n s  i n  a t u r b u l e n t  flame. 

The l i g h t - s c a t t e r i n g  technique employed uses  a curve-matching 
procedure t o  determine p a r t i c l e  s i z e .  Monochromatic l i g h t  s c a t -  
t e r e d  f r o m  a s m a l l  volume (approximately 0.10" x 0.10" c y l i n d e r )  
i s  measured as a func t ion  of angle  and compared t o  t h e o r e t i c a l  
angu la r  d i s t r i b u t i o n  curves f o r  s p h e r i c a l  p a r t i c l e s  ( M i e  Equat ions) .  
Two methods, one involv ing  f i t t i n g  t h e  e n t i r e  angular  d i s t r i b u t i o n  
f o r  bo th  components of p o l a r i z a t i o n  and t h e  o t h e r  employing only 
t h e  s l o p e  of t h e  pe rpend icu la r  component a t  an angle  of 9 0 ° ,  g i v e  
e s s e n t i a l l y  t h e  same average sphe re  s i z e .  Concentrat ion i s  then 
determined by measuring t h e  abso lu te  i n t e n s i t y  a t  one angle  rela- 
t i v e  t o  t h e  i n t e n s i t y  of t h e  i n c i d e n t  beam. 

Resu l t s  of t h e  l i g h t - s c a t t e r i n g  method have been checked by f i l t e r -  
i n g  soot p a r t i c l e s  f r o m  a h o t  gas stream of combustion products  
and comparing t h e  m a s s  concent ra t ion  obta ined  t h i s  way t o  t h a t  
ob ta ined  us ing  t h e  l i g h t - s c a t t e r i n g  system. Resu l t s  of t w o  runs 
a r e  shown below. 

Mass. Conc. by - 
Average P a r t .  Light Scat, Mass.conc.by f i l t r a t i o n  

Run P a r t .  S i z e  Conc. cc (gm/cc) Mass. conc. by 1 i g h t  scat. - 
A 1660 3.26 x lo7 1 .57  x 1 . 7 0  

B 1600 2.80 lo7 1.19 1.24 

.. 
I f  it i s  o s t u l a t e d  t h a t  t h e  soo t  p a r t i c l e s  c o n s i s t  of many s m a l l  
(300-400 fi ) p a r t i c l e s  p l u s  a few l a r g e  (1700 A) p a r t i c l e s ,  t h e  m a s s  
concen t r a t ion  obta ined  by t h e  two methods can be  matched e x a c t l y .  



- 30 - 

The complex r e f r a c t i v e  index of soot w a s  measured; f i r s t ,  t o  be 
used i n  t h e  above technique f o r  s i z e  and concen t r a t ion  de te rmina t ion  
and, second, t o  be used along wi th  t h e  soot m a s s  concen t r a t ion  
measurements t o  p r e d i c t  flame e m i s s i v i t i e s .  A procedure w a s  
developed t o  press s o o t  between t w o  o p t i c a l l y  f l a t  s u r f a c e s  a t  
20 tons / inch2  t o  form a smooth s o o t  p e l l e t .  R e f l e c t i v i t y  measure- 
ments w e r e  run on t h i s  p e l l e t  t o  f i n d  t h e  index of r e f r a c t i o n  of 
t h e  s o o t .  For s o o t  c o l l e c t e d  i n  t h e  experiments  used t o  check 
the m a s s  concent ra t ion ,  t h e  complex refractive index is: 

m = 1.57 - 0.565i : 

Since  t h e  value obta ined  by t h i s  method depends i n  p a r t  on t h e  
smoothness of t h e  s u r f a c e ,  t h e  above va lue  w a s  checked s e v e r a l  
ways: The s o o t  p e l l e t  gave t h e  same index f o r  t w o  d i f f e r e n t  
r o t a t i o n s  of t h e  p e l l e t  r e l a t i v e  t o  t h e  i n c i d e n t  l i g h t  beam; an 
i n t e r n a l  check i n  t h e  method gave a check t o  w i t h i n  4 percen t ;  and 
t h e  normal r e f l e c t i v i t y  measured, wi th  an i n t e g r a t i n g  sphere ,  checked 
t h e  va lue  c a l c u l a t e d  from t h e  r e f r a c t i v e  index t o  about 3 percen t .  

The l i g h t - s c a t t e r i n g  technique  w a s  used t o  measure poin t - to-poin t  
concen t r a t ion  and p a r t i c l e  s i z e  i n  a f r e e  t u r b u l e n t  d i f f u s i o n  flame 
burning C 2 H 2 i n  air .  For t h i s  experiment,  t h e  phototube o u t p u t  w a s  
passed through a very sha rp  e l e c t r i c a l  f i l t e r - a m p l i f i e r  t o  o b t a i n  
a s i g n i f i c a n t  s i g n a l  r e l a t i v e  t o  t h e  b r i g h t  flame background 
emission. P a r t i c l e  s i z e s  ranged between 1600  and 2100 A diameter .  
(For any one run t h e  p a r t i c l e  s i z e  was approximately independent 
of p o s i t i o n  wi th in  t h e  flame. ) P a r t i c l e  concen t r a t ions  v a r i e d  
between 1 6  x lo7 and 0 . 4  x l o 7  p a r t i c l e s / c c  depending on both  t h e  
p o s i t i o n  i n  t h e  f l a m e  and the  i n l e t  f u e l  v e l o c i t y .  These d a t a  
i n d i c a t e  t h a t  i n d i v i d u a l  s o o t  p a r t i c l e s  burn o u t  very r a p i d l y  and, 
consequent ly ,  t h e i r  burnout  rate and k i n e t i c s  are d i f f i c u l t  t o  
fo l low i n  a t u r b u l e n t  d i f f u s i o n  flame, 

P a r t i c l e  Cloud Radiat ion i n  Rocket Systems 

Development of c a l c u l a t i o n a l  techniques for  t h e  p r e d i c t i o n  of t h e  
r a d i a t i v e  f l u x  f r o m  p a r t i c l e  c louds such as h o t  r o c k e t  combustion 
products  has  been continued. Previous s t u d i e s  of r a d i a t i v e  t r a n s f e r  
i n  s c a t t e r i n g  media have u s u a l l y  been concerned wi th  problems 
r e s t r i c t e d  t o  a unidimensional geometry, i s o t r o p i c  s c a t t e r ,  and 
nonemit t ing media. Most of t h e  c a l c u l a t i o n a l  techniques  a v a i l a b l e  
are e i ther  too  approximate o r  too complicated f o r  a p p l i c a t i o n  t o  
p r a c t i c a l  s i t u a t i o n s ,  Consequently, t h e  o b j e c t i v e  of t he  first 
s t a g e  of t h e  p r e s e n t  s tudy  is  development of a l t e r n a t i v e  methods 
t o  s o l v e  t h e  one-dimensional t r a n s f e r  equat ion ,  f o r  bo th  i s o t r o p i c  
and a n i s o t r o p i c  s c a t t e r i n g ,  i n  media w i t h i n  which t h e  temperature  
p r o f i l e  i s  s p e c i f i e d  o r  which are i n  l o c a l  r a d i a t i v e  equi l ibr ium.  
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A series s o l u t i o n  i s  proposed. The one-dimensional t r a n s f e r  
equa t ion  for  i s o t r o p i c  s c a t t e r i n g  is  

I 
-1 

i n  which I is t h e  i n t e n s i t y  of t h e  r a d i a t i o n ,  p i s  t h e  cos ine  of 
t h e  angle  made wi th  t h e  p r i n c i p a l  a x i s ,  w is  t h e  r a t i o  of t h e  
scatter and t o t a l  a t t e n u a t i o n  c o e f f i c i e n t s ,  T i s  t h e  o p t i c a l  d i s -  
t ance  i n  mean free pa ths  f r o m  the  s u r f a c e  of t h e  medium, and 
K (T) is  a term rep resen t ing  emission dependent on t h e  local temp- 
e r a t u r e .  The l a s t  term i n  t h e  equat ion  i s  t h e  r a d i a t i o n  scattered 
i n  t h e  d i r e c t i o n  of propagation of t h e  beam under cons idera t ion .  
This  l a s t  t e r m  i s  a continuous func t ion  of T which should  be 
e x p r e s s i b l e  t o  a good approximation by t h e  power series 

n 

i = O  

i C A i '  

For t h e  case i n  which 

j 
l-2 

K (T) = ~ B . T  
j=O 3 

t h e  equat ion  of  t r a n s f e r  becomes 

This first o r d e r  l i n e a r  d i f f e r e n t i a l  equat ion  may be so lved  f o r  I. 
The r e s u l t  i s  

. . . .+ 
r /v  ....+ C e  

.... k + k!p 1 

The i n t e g r a t i o n  cons t an t  C can be determined from t h e  va lues  of t h e  
i n t e n s i t i e s  I 
( T  = 0 and T f of t h e  medium. A p o s i t i v e  (nega t ive)  s i g n  i n d i c a t e s  

(0) and I- ( T ~ )  of r a d i a t i o n  i n c i d e n t  on t h e  boundaries 

propagat ion 0 i n  a d i r e c t i o n  of increas ing  (decreas ing)  T .  By d e f i n i t i o n  

' -1 '0 
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This  r e s u l t s  i n  an equat ion  wi th  a power series of T on one s i d e  
e q u a l l i n g  a mixture of d i f f e r e n t  o r d e r  of exponen t i a l  i n t e g r a l s  
wi th  T a s  parameter on t h e  o t h e r  s i d e .  For a s p e c i f i e d  T ,  t h i s  
forms a l i n e a r  a l g e b r a i c  equat ion  wi th  A i ' s  as unknowns. I f  n+l  
d i f f e r e n t  va lues  of T are chosen, n+l f i r s t  o r d e r ,  l i n e a r ,  simul- 
taneous a l g e b r a i c  equat ions  are formed which can be so lved  f o r  t h e  
(n+l )A ' s .  An approximate s o l u t i o n  t o  t h e  equa t ion  of t r a n s f e r  i s  
thus  oktained.  

I n  o r d e r  t o  t e s t  t h e  v a l i d i t y  of t h i s  method, t h e  equat ion  of t r a n s -  
fe r  w a s  solved f o r  a nonemitt ing medium [ K  (T) = 01 having an 
o p t i c a l  th ickness  ( T  ) of  one for  t h e  case of unidimensional i n c i d e n t  
r a d i a t i o n .  
s o l u t i o n ,  and C h u r c h i l l ' s  two f l u x  and s i x  f l u x  methods. Five 
terms (n=4) were used i n  t h e  series expansion of t h e  scatter term. 
The r e s u l t i n g  s o l u t i o n  f o r  t h e  i n t e g r a t e d  s u r f a c e  r e f l e c t a n c e  i s  

The r e s u y t s  w e r e  compared wi th  Chandrasekhar ' s exact 

R = 0 .64277  - 0.42726e-0'2/ '0 + 0.28231e-004/'0 

-0.6/u0 - + 0.27079e  0.77874e -0. 8/v0 

where uo is  t h e  cos ine  of ang le  made by t h e  i n c i d e n t  beam wi th  t h e  
s u r f a c e  normal. This  s o l u t i o n  g ives  much b e t t e r  agreement wi th  t h e  
e x a c t  s o l u t i o n  than  t h a t  given by e i t h e r  t h e  f o u r  or s i x  f l u x  
methods. 
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FUEL CELL DEVELOPMENTS FOR SPACE POWER 

I n v e s t i g a t o r s :  H. P. Meissner,  M. C. Dieber t ,  S. Pa rad i s ,  

Project N o .  : DSR 9845 
S. Schu l t ze ,  P. Heinzer,  A. S. Gendron 

The term "mixed f eed  flow e l ec t rode"  is  used he re  t o  d e s i g n a t e  a 
f looded  porous electrode through which an e l e c t r o l y t e  con ta in ing  
both  f u e l  and oxidant  i s  caused t o  flow. I n  a ce l l  o p e r a t i n g  
p e r f e c t l y  w i t h  mixed f eed ,  the  e l e c t r o d e s  would be s u f f i c i e n t l y  
s e l e c t i v e  so t h a t  the  f u e l  would react only a t  t h e  anode, and t h e  
o x i d a n t  only a t  t h e  cathode. I f  d e s i r e d ,  a s i n g l e  l a r g e  ce l l  could 
be cons t ruc t ed  by making a s t ack  of a l t e r n a t e  anodes and cathodes,  
and connect ing a l l  t h e  anodes i n  p a r a l l e l ,  and a l l  t h e  cathodes i n  
p a r a l l e l .  A f t e r  t h e  e l e c t r o l y t e - c o n t a i n i n g  f u e l  and ox idan t  has 
passed  through t h i s  s t a c k ,  products  of combustion would be removed, 
f r e s h  f u e l  and oxidant  added, and the  en r i ched  e l e c t r o l y t e  would be 
r ecyc led  t o  t h e  cel l .  C e l l  s t r u c t u r e  and ce l l  cool ing  would ob- 
v i o u s l y  be s i m p l i f i e d  wi th  t h i s  approach. 

I t  w a s  po in t ed  o u t  i n  t h e  preceding r e p o r t  t h a t  e l e c t r o d e s  had 
been found which o p e r a t e  wi th  a t  l e a s t  some success  i n  a mixed f eed  
system of  hydrazine and peroxide.  That i s ,  t h e  experimental  cu r ren t -  
v o l t a g e  curves for  t h e  mixed feed system corresponded c l o s e l y  t o  
those  p r e d i c t e d  from t h e  vol tage-cur ren t  curves  when flowing only 
hydrazine-containing e l e c t r o l y t e ,  o r  oxygen-containing e l e c t r o l y t e ,  
through t h e s e  e l e c t r o d e s .  S e l e c t i v e  electrodes can a lso be found 
fo r  mixed flow cells ope ra t ing  on d i s s o l v e d  hydrogen and d i s so lved  
oxygen. Prel iminary thought i s  being g iven  t o  mixed flow methanol- 
ox idan t  systems. 

I t  has been found t h a t  t h e  Faradic  e f f i c i e n c y  of a mixed flow elec- 
trode i s  g e n e r a l l y  poorer  than  would be expected from i ts  power 
output .  That i s ,  as  po in ted  o u t  in t h e  r e p o r t  of l a s t  May, t h e  
" s h o r t  c i r c u i t "  c u r r e n t  and the  ' ' ex te rna l"  c u r r e n t s  can i n  theo ry  
be c a l c u l a t e d  f o r  a mixed feed  e l e c t r o d e  from i t s  performance when 
o p e r a t i n g  on e l e c t r o l y t e  conta in ing  only ox idan t ,  a s  w e l l  a s  on 
e l e c t r o l y t e  con ta in ing  only  fue l .  Thus, it would be expected t h a t  
t h e  consumption of f u e l  and oxidant  would correspond t o  t h e  sum of 
t h e  i n t e r n a l  and e x t e r n a l  c u r r e n t s .  With hydrazine-peroxide,  t h e  
t o t a l  a c t u a l  reagent  consumption can be c a l c u l a t e d  from t h e  vDlume 
and composition of t h e  gases  evolved a t  t h e  e l e c t r o d e s .  Depending 
on o p e r a t i n g  cond i t ions ,  a c t u a l  reagent  consumption exceeds t h a t  
corresponding t o  t h e  sum of t h e  e x t e r n a l  and i n t e r n a l  c u r r e n t s  by 
a f a c t o r  of as high as 2.  This f a c t o r  i s  a func t ion  of v a r i a b l e s  
such as c u r r e n t  d e n s i t i e s ,  flow v e l o c i t i e s  and of e l e c t r o d e  compo- 
s i t i o n ,  and t h e  effect  of t hese  and o t h e r  ce l l  v a r i a b l e s  i s  under 
s tudy  . 
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Explanat ions of t h e  behavior  of e l e c t r o d e s  i n  mixed f eed  flow systems 
are be ing  sought. Seve ra l  f i n d i n g s  are s t r i k i n g :  

1. A given e l e c t r o d e  w i l l  show more s t r o n g l y  anodic  behavior  
when t h e  r a t i o  of d i s so lved  f u e l  t o  d i s s o l v e d  ox idan t  i s  high.  
Its behavior  becomes more ca thod ic  a s  t h i s  r a t io  becomes s m a l l .  

2. Some types of e l e c t r o d e s  t end  t o  act  as cathodes,  o t h e r s  
a s  anodes, i n  mixed flow systems. Thus s i l ve r  e l e c t r o d e s  have 
l i t t l e  tendency t o  ac t  as anodes, r e g a r d l e s s  of t h e  fue l -oxidant  
ra t io ,  wh i l e  platinum e l e c t r o d e s  are s t r o n g l y  in f luenced  by t h i s  
ra t io .  

3. Ce r t a in  e l e c t r o d e  conf igu ra t ions  are m o r e  s u b j e c t  t o  gas  
b inding  ( t h a t  i s ,  t o  b l anke t ing  by t h e  evolved gases  i n  a hydrazine- 
peroxide system) than o t h e r s .  

4 .  A t o t a l l y  submerged e l e c t r o d e  shows a very s l u g g i s h  v o l t a g e  
response t o  changes i n  e l e c t r o l y t e  con ta in ing  hydrogen and oxygen. 
The response is  r a p i d  f o r  hydrazine-peroxide systems. 

These and other f i n d i n g s  a r e  being i n v e s t i g a t e d .  
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MICROWAVE INDUCED CHEMICAL REACTIONS 

I n v e s t i g a t o r s :  H.  S. Mickley, R. F. Baddour, L. D. Smull in ,  
P. Dundas, W. W. Cooper, N. F. Brockmeier, 
A. B e l l  

P r o j e c t  No. : DSR 9846 

I n t r o d u c t i o n  

The purpose of t h i s  r e sea rch  program i s  t o  use microwaves t o  induce 
chemical r e a c t i o n s  which, i n  tu rn ,  y i e l d  d e s i r a b l e  chemical end 
products .  The e f f o r t  has  been concent ra ted  i n  t h r e e  areas: 
(1) a s tudy  of t h e  probable  mechanisms involved i n  microwave 
induced chemical r e a c t i o n s ;  ( 2 )  t h e  design and c o n s t r u c t i o n  of a 
s u i t a b l e  experimental  s e t u p  for s u b j e c t i n g  a chemical system t o  
known levels of microwave i r r a d i a t i o n  and ana lyz ing  t h e  r e a c t i o n  
products  and ( 3 )  a c t u a l  chemical s y n t h e s i s .  

Equipment Changes 

A movable probe t o g e t h e r  w i th  a s s o c i a t e d  equipment has  been i n s t a l l e d  
i n  t h e  wave guide. This  system permi ts  measurement of s t and ing  
wave r a t i o s ,  electric f i e l d  s t r e n g t h ,  and e l e c t r o n  concent ra t ion .  
An a t t e n u a t o r  which permi ts  t he  microwave power t o  be v a r i e d  over  
t h e  range 50 t o  1 , 0 0 0  w a t t s  has been designed and c o n s t r u c t i o n  
s t a r t e d .  An e l l i p t i c a l  high Q c a v i t y  has  been designed t o  r e p l a c e  
t h e  c y l i n d r i c a l  c a v i t y  used i n  ear l ier  work. Cons t ruc t ion  of  t h i s  
c a v i t y  i s  w e l l  underway. 

Hydrazine Syn thes i s  

Fu r the r  s t u d i e s  of t h e  syn thes i s  of hydrazine from ammonia have been 
made. The experimental  d i f f i c u l t i e s  which c a s t  doubt on t h e  e a r l y  
r e s u l t s  w e r e  resolved.  The equipment desc r ibed  i n  earlier r e p o r t s  
w a s  made vacuum t i g h t  and t h e  chromatographic a n a l y s i s  technique  
pe r fec t ed .  I t  w a s  p o s s i b l e  t o  d e t e c t  0 . 1  p e r c e n t  hydrazine i n  t h e  
presence of ammonia and water vapor. Ammonia gas ,  a t  p r e s s u r e s  
ranging from 1 0  t o  30 mm. of Hg, w a s  passed through a cooled c a v i t y  
i r r a d i a t e d  w i t h  a 2 ,450  MC CW microwave d ischarge .  The ammonia 
flow r a t e  w a s  v a r i e d  from t o  moles p e r  second, the  power 
i n p u t  ranged from l o 8  t o  1.5 x l o 6  j o u l e s  p e r  mole. The e f f l u e n t  
gases  conta ined  less than  0 . 1  percent  hydrazine,  6 t o  1 0  pe rcen t  
ammonia, and t h e  remainder hydrogen and n i t rogen .  Runs w e r e  a l s o  
made i n  which hydrazine vapor,  pure  o r  mixed w i t h  ammonia, w a s  f e d  
t o  t h e  microwave i r r a d i a t e d  cav i ty .  The e f f l u e n t  gases  conta ined  
less than  0 . 1  pe rcen t  hydrazine.  This i s  clear evidence t h a t  
hydrazine,  i f  formed from t h e  ammonia, would be decomposed by t h e  
d ischarge  under t h e  ope ra t ing  cond i t ions  used. I t  is  be l i eved  t h a t  
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hydrazine is formed from ammonia when s u b j e c t e d  t o  t h e  microwave 
d ischarge  b u t  t h a t  t h e  hydrazine i s  subsequent ly  decomposed by t h e  
discharge.  Presumably t h i s  can be overcome by us ing  very  s h o r t  
res idence  t i m e s .  

Syn thes i s  of Act ivated Hydrogen A t o m s  

Work on t h e  syn thes i s  of a c t i v a t e d  hydrogen atoms i s  cont inuing.  
The s tudy  is  focussing on t h e  mechanism involved wi th  t h e  a i m  o f  
improving y i e lds .  The experimental  work seeks  t o  re la te  t h e  
e lec t r ica l  parameters ( f i e l d  s t r e n g t h ,  e l e c t r o n  concen t r a t ion )  
t o  hydrogen atom y i e l d .  

Svn thes i s  of Chlorine 

The s y n t h e s i s  of c h l o r i n e  from hydrogen c h l o r i d e  by t h e  Deacon 
r e a c t i o n  

-> 
2H C1 + 1 / 2  02<-  C12 + H20 

i n  t h e  presence of a microwave f i e l d  i s  being i n v e s t i g a t e d .  The 
experimental  s e tup  i s  n e a r l y  completed and pre l iminary  tests are 
scheduled f o r  December. This  r e a c t i o n  i s  impor tan t  f o r  t w o  reasons:  
(1) as a p o s s i b l e  method f o r  c h l o r i n e  s y n t h e s i s  and ( 2 )  as a m e m b e r  
of an important  class of r e a c t i o n s  whose r e a c t i o n  ra te  may be 
advantageously in f luenced  by a microwave d ischarge .  Although a t  
room temperature t h e  equ i l ib r ium y i e l d  of c h l o r i n e  f r o m  t h e  Deacon 
r e a c t i o n  i s  high,  t h e  ra te  a t  which t h e  r e a c t i o n  proceeds i s  
i n s i g n i f i c a n t .  Even wi th  t h e  b e s t  c a t a l y s t  known, temperatures  
of 600' are needed t o  o b t a i n  reasonable  r e a c t i o n  rates, and a t  
t h e s e  temperatures t h e  equ i l ib r ium y i e l d  i s  g r e a t l y  reduced. I t  
is  hoped t h a t  t h e  microwave d ischarge  w i l l  i n c r e a s e  t h e  r e a c t i o n  
ra te  a t  temperatures which s t i l l  provide a t t r a c t i v e  y i e l d s .  I f  
so, t h i s  technique w i l l  be app l i ed  t o  o t h e r  r e a c t i o n s  i n  t h i s  
class.  
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EPJVI RONMENTAL CONTROL 

I n v e s t i g a t o r s :  E. R. G i l l i l a n d ,  L. B. Evans, R. H. Havlin 
Project N o . :  DSR 9847 

The long-range o b j e c t i v e  of t h i s  r e sea rch  i s  t h e  development for  
environmental  c o n t r o l  of a s imple,  reliable system t o  remove a c i d i c  
gases  such a s  carbon d ioxide  from t h e  atmosphere and s imultaneously 
t o  resupply  pure oxygen. Severa l  systems have been considered i n  
which t h e  carbon d ioxide  would be chemical ly  adsorbed o r  absorbed 
and from which t h e  carbon dioxide could be regenera ted  i n  concent ra ted  
form. I f  such a system is  t o  ope ra t e  s a t i s f a c t o r i l y ,  independent 
of t h e  surrounding g r a v i t y  and temperature  environments, t h e  regen- 
e r a t i o n  s t e p  should n o t  depend upon d i r e c t  a p p l i c a t i o n  of h e a t  a s  
i s  common wi th  most convent ional  processes .  

During t h e  f i rs t  yea r  of t h i s  project ,  a s tudy  was made of systems 
which involve  t h e  absorp t ion  of carbon d iox ide  i n  an aqueous so lu-  
t i o n  of  sodium hydroxide and sodium carbonate .  The absorp t ion  s t e p  
of t h e  process ,  which invo lves  chemical r e a c t i o n  t o  form carbonate  
and b i ca rbona te  i o n s ,  is  r e l a t i v e l y  w e l l  understood. Therefore ,  
t h e  primary e f f o r t  was devoted t o  t h e  i n v e s t i g a t i o n  of s u i t a b l e  
techniques  for r egene ra t ing  t h e  system t o  recover  carbon d ioxide  
i n  concent ra ted  form from t h e  spent  s o l u t i o n s .  The r e s u l t s  i n d i -  
c a t e d  promising p o s s i b i l i t i e s  for t h e  technique of e l e c t r o l y t i c  
r egene ra t ion  i n  cells  u t i l i z i n g  ion-permeable membranes which 
s e l e c t i v e l y  permit  t r a n s f e r  of e i t h e r  anion or c a t i o n  t o  s e p a r a t e  
reg ions  of t h e  cel l .  Oxygen i s  obta ined  i n  concent ra ted  form f r o m  
t h e  e l e c t r o l y s i s  of water .  

A t h e o r e t i c a l  a n a l y s i s  was made of t w o  t ypes  of e l e c t r o l y t i c  cel l .  
The f i r s t  i s  based on t r a n s f e r r i n g  t h e  carbonate  and b icarbonate  
i o n s  through t h e  s e l e c t i v e  ion-permeable membrane i n t o  a s o l u t i o n  
of low pH which would release carbon d ioxide .  The second is  based 
on t r a n s f e r r i n g  t h e  ions  i n t o  a s o l u t i o n  of high t o t a l  concen t r a t ion  
which would a l s o  release carbon dioxide.  The ope ra t ion  of these 
cells i s  desc r ibed  i n  d e t a i l  i n  t h e  prev ious  semiannual p rogres s  
r e p o r t .  The a n a l y s i s  i n d i c a t e d  t h a t ,  whi le  bo th  types  of ce l l  w e r e  
t h e o r e t i c a l l y  p o s s i b l e ,  fewer engineer ing problems would be expected 
wi th  t h e  f i r s t  type  of cell .  Accordingly, t h e  program has  been 
d i r e c t e d  toward s tudying  i n i t i a l l y  t h e  c e l l  based on a d i f f e r e n c e  
i n  pH. 

A t  t h e  end of t h e  f i r s t  y e a r ' s  work a s imple ce l l  based on d i f f e r e n c e  
i n  pH had been cons t ruc t ed  and operated.  Measurements w e r e  made a t  
s t eady  state of t h e  v o l t a g e  drop a c r o s s  t h e  cell  and t h e  r a t e s  of 
gas  e v o l u t i o n  from t h e  ce l l  as a func t ion  of t h e  electric c u r r e n t  
through t h e  cel l  and t h e  composition and concen t r a t ion  of s o l u t i o n s  



being regenerated.  
demonstrated the  t e c h n i c a l  f e a s i b i l i t y  of t h e  p rocess ,  an a n a l y s i s  
of t h e  d a t a  i n d i c a t e d  t h e  need f o r  an e x t e n s i v e  exper imenta l  
program t o  ob ta in  rate d a t a  necessary  f o r  op t imiza t ion  of t h e  
cel l  design.  

I n  t h e  i n i t i a l  months of t h e  second y e a r ' s  work, a number of 
mod i f i ca t ions  w e r e  made i n  t h e  experimental  cell .  These modifica- 
t i o n s  w e r e  designed t o  enable  more a c c u r a t e ,  i n s t an taneous  measure- 
ment of the  r a t e s  of gas  evo lu t ion  on a water - f ree  b a s i s .  
w a s  a l s o  made f o r  measuring t h e  s e p a r a t e  v o l t a g e  drops across 
i n d i v i d u a l  compartments of t h e  cell .  A set of experiments t o  
determine t h e  e f f e c t  on t h e  ce l l  performance of s o l u t i o n  composition, 
s o l u t i o n  concent ra t ion ,  vo l t age  a p p l i e d  ac ross  t h e  ce l l ,  and t h e  
spac ing  between compartments i s  c u r r e n t l y  i n  progress .  

Based upon the  r e s u l t s  ob ta ined ,  an a n a l y t i c a l  s tudy  w i l l  be under- 
taken t o  optimize t h e  cel l  design.  I t  i s  a l s o  planned t o  s tudy  
t h e  p o s s i b i l i t y  of r ep lac ing  t h e  l i q u i d  absorbents  w i t h  s o l i d  
absorbents  t o  make t h e  ce l l  independent of t h e  g r a v i t y  environment. 
I n  a d d i t i o n ,  it is  proposed t o  i n v e s t i g a t e  other p o s s i b l e  systems 
f o r  accomplishing t h e  same end r e s u l t .  

While t h e  p re l imina ry  experimental  r e s u l t s  

P rov i s ion  
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NONLINEAR SYSTEMS THEORY 

I n v e s t i g a t o r s :  G. Z a m e s ,  R. W. Brocket t ,  A. Sp i r idon  
Project N o .  DSR 9848 

The broad o b j e c t  of t h i s  research  has  been t o  l a y  t h e  foundat ions 
of a theory  of non l inea r  sys tems and c i r c u i t s ,  us ing  t h e  mathematics 
of f u n c t i o n a l  a n a l y s i s .  T h i s  year 's  r e sea rch  has been devoted 
mainly t o  t h e  s t a b i l i t y  problem--the problem of r e l a t i n g  t h e  
s t a b i l i t y  of a non l inea r ,  closed-loop, feedback system t o  t h e  open- 
loop characterist ics.  

Our e a r l y  i n v e s t i g a t i o n s  of t h e  p r i n c i p l e  of c o n t r a c t i o n  mappings 
have l e d  t o  t h e  d iscovery  of a new s t a b i l i t y  theory ,  which d i f f e r s  
from t h e  classical  method of Lyapunov and o f f e r s  c e r t a i n  advantages 
over  Lyapunov's method; i n  p a r t i c u l a r ,  input -output  s t a b i l i t y  i s  
e s t a b l i s h e d  d i r e c t l y ,  wi thout  involv ing  t h e  no t ion  of state. The 
c o n t r a c t i o n  method has  been app l i ed  t o  a v a r i e t y  of feedback and 
network problems. 

C e r t a i n  new cri teria have been found f o r  determining c o n t i n u i t y  and 
boundedness i n  non l inea r  feedback loops.  These c r i te r ia  involve  
the  f a c t o r i z a t i o n  of t h e  open loop i n t o  a p a i r  of ( i nc remen ta l ly )  
p a s s i v e  ope ra to r s .  These c r i t e r i a  a r e  analogous t o  those  i n  t h e  
l i n e a r  theory  t h a t  r e q u i r e  t h e  open-loop phase s h i f t  t o  l i e  between 
-180O and 180O. Appl ica t ions  have been made t o  loops con ta in ing  
one l i n e a r ,  t ime- invar ian t  element, and one in s t an taneous  non- 
l i n e a r i t y .  

S i m i l a r  c r i t e r i a  have a l s o  been obta ined  f o r  feedback systems 
c h a r a c t e r i z e d  by v e c t o r - d i f f e r e n t i a l  equa t ions ,  us ing  t h e  c l a s s i c a l  
method of Lyapunov. 
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NEUTRAL BEAM PRODUCTION 

I n v e s t i g a t o r  : 
P r o j e c t  N o .  : 

L. M. Lidsky 
DSR 9 8 4 9  

The o r i g i n a l  proposa l  (by A. E. P r o f i o )  w a s  modified when 
P ro fes so r  P r o f i o  l e f t  MIT,  and t h e  equipment purchased 
under t h e  g r a n t  w a s  t r a n s f e r r e d  t o  P r o f e s s o r  L. M. Lidsky. 
The Duoplasmatron and i t s  p e r i p h e r a l  hardware w i l l  be used 
i n  conjunct ion wi th  a newly designed beam-handling system 
t o  s tudy  t h e  product ion of high-energy beams of n e u t r a l  
a t o m s .  The f i r s t  experimental  t a s k  w i l l  be t h e  determina- 
t i o n  of t h e  c u r r e n t  of h ighly-exc i ted  n e u t r a l s  and a 
sea rch  f o r  t h e  condi t ions  under which t h e  number i n  t h e  
upper e x c i t a t i o n  s ta tes  i s  maximized. The n e u t r a l  beam 
w i l l  t hen  be used f o r  s t u d i e s  of e lec t ros ta t ic  and electro- 
magnetic (Lorentz) i o n i z a t i o n  and t r app ing  i n  magnetic 
f i e l d s .  The u l t i m a t e  g o a l  i s  t h e  product ion of a high- 
energy t rapped plasma i n  a "minimum-B" conf in ing  f i e l d .  

The i o n  beam system has been designed and i s  p r e s e n t l y  
under cons t ruc t ion .  I t  i s  expected t h a t  t h e  system w i l l  
be i n  use  wi th in  one t o  t w o  months. T i m e  expenses i n c u r r e d  
dur ing  t h i s  per iod  ( t echn ic i an  and s t a f f  sa la r ies ,  i n c i d e n t a l  
hardware, e t c . )  are being m e t  by funds a v a i l a b l e  f o r  
r e sea rch  i n  p l a sma  physics .  
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ANALYSIS O F  REACTOR PHYSICS AND HEAT TRANSFER 

I N  NUCLEAR ROCKET REACTORS 

I n v e s t i g a t o r s :  E. A. Mason, K. F. Hansen, W. W.  L i t t l e ,  Jr., 
D. R. Mathews, R. W. Car lson 

Project N o .  : DSR 9939 

Work under t h i s  p r o j e c t  has  been concent ra ted  on problems r e l a t e d  
t o  n u c l e a r  rocke t  r e a c t o r s .  Two d i s t i n c t  a r e a s  of i n v e s t i g a t i o n  
being s t u d i e d  are: s t a r t - u p  of rocke t  r e a c t o r  c o r e s ,  and rocke t  
r e a c t o r  s h i e l d i n g  . 
The o b j e c t i v e  of t h e  f i r s t  po r t ion  was t o  i n v e s t i g a t e  some of t h e  
nuc leonic  problems a s s o c i a t e d  with s t a r t i n g  l a r g e ,  so l id -co re  
n u c l e a r  rockets f u e l e d  wi th  uranium-235. Primary emphasis w a s  
p laced  on o b t a i n i n g  the r e a c t i v i t y  v a r i a t i o n s  dur ing  s t a r t u p  in-  
duced by changes i n  hydrogen dens i ty  and core temperature .  

A d e t a i l e d  nuc leonic  a n a l y s i s  of a n u c l e a r  rocke t  dur ing  s t a r t u p  
would be extremely complex and time-consuming. I n  o r d e r  t o  make 
t h e  problem tractable, t h e  fol lowing procedure w a s  adopted. F i r s t ,  
t h e  m a t e r i a l  p r o p e r t i e s ,  such as core temperature ,  hydrogen d e n s i t y ,  
etc.,  w e r e  computed as a func t ion  of t i m e  during s t a r t u p  f o r  a 
s p e c i f i e d  power and f low-rate  buildup. Using these time-dependent 
p r o p e r t i e s ,  t h e  r e a c t i v i t y  v a r i a t i o n s  du r ing  s t a r t u p  w e r e  c a l c u l a t e d  
using a d i f f u s i o n  theory  model wi th  55 energy groups. The s p a t i a l  
dimensions w e r e  approximated by assuming V2g5(E) = - B 2 $ ( E ) .  Such 
an assumption should be permiss ib le  i n  l i g h t  of t h e  f a c t  t h a t  changes 
i n  core temperature  and hydrogen d e n s i t y  have l i t t l e  e f f e c t  on t h e  
s p a t i a l  d i s t r i b u t i o n ,  b u t  have a s i g n i f i c a n t  e f f e c t  on t h e  energy 
d i s t r i b u t i o n .  

I t  w a s  found t h a t  l a r g e  thermal n u c l e a r  rocket reactors (C/U = 2500) 
are much more s e n s i t i v e  t o  changes i n  hydrogen d e n s i t y  and c o r e  
temperature  than  s m a l l  nuc lea r  rocke t s  (C/U = 2 5 0 ) .  The l a r g e  
r e a c t i v i t y  c o e f f i c i e n t s  p re sen t  i n  thermal  r e a c t o r s  cause both  l a r g e  
( Q  -$13.) and r a p i d  (Q  -$l/sec) r e a c t i v i t y  v a r i a t i o n s  dur ing  the  
quick s t a r t u p s  contemplated f o r  nuc lea r  rocke ts .  This  problem can 
be amel iora ted  t o  some degree by adding a nuc lea r  poison t o  t h e  core.  
However, any poison has t h e  adverse s i d e  e f f e c t  of dec reas ing  t h e  
worth of an e x t e r n a l  control-rod system by decreas ing  t h e  leakage. 

A n  e s t i m a t i o n  of t h e  worth of an e x t e r n a l  cont ro l - rod  system w a s  
ob ta ined  us ing  a one-dimensional nuc leonics  model w i t h  t h r e e  energy 
groups. I t  w a s  found t h a t  thermal reactors would r e q u i r e  very t h i c k  
and heavy r e f l e c t o r s  i n  o r d e r  t o  c o n t r o l  t h e  r e a c t i v i t y  v a r i a t i o n  
dur ing  s t a r t u p .  
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I n  o r d e r  t o  follow t h e  reactor k i n e t i c  behavior  t w o  powerful numeri- 
c a l  methods have been developed which are of q u i t e  g e n e r a l  app l i ca -  
b i l i t y .  One method has  t h e  important  p rope r ty  of be ing  uncondition- 
a l l y  s t a b l e  w h i l e  t h e  o t h e r  i s  s t a b l e  for  l a r g e  react ivi t ies  ( t h e  
converse of t h e  usua l  numerical  method) . The b a s i s  of t h e  methods 
i s  t o  assume t h e  k i n e t i c  behavior  may be approximated between t i m e  
s t e p s  by an exponent ia l  func t ion .  I n  one case t h e  frequency i s  
c h a r a c t e r i s t i c  of t h e  asymptot ic  s o l u t i o n  of  t h e  inhour  formula,  
while  f o r  t h e  o t h e r  t h e  in s t an taneous  frequency i s  computed. I n  
t h e  case of cons t an t  r e a c t i v i t y ,  t h e  asymptot ic  numerical  s o l u t i o n  
is ,  i n  f a c t ,  t he  asymptot ic  e i g e n s o l u t i o n  of  t h e  d i f f e r e n t i a l  
k i n e t i c s  equat ion  from which t h e  s t a b i l i t y  may be proved and 
expres s ions  f o r  t h e  t r u n c a t i o n  e r r o r  der ived .  

The s t a r t u p  changes i n  a rocke t  r e a c t o r  may be l i m i t e d  by thermal  
stresses and f u e l  temperature  i n  t h e  core. Work i s  j u s t  beginning 
on a space-dependent r e a c t o r  model t o  s tudy  t h e  e f f e c t s  of t h e  rate 
of  power i n c r e a s e ,  coo lan t  i n l e t  c o n d i t i o n s ,  c o o l a n t  flow rate,  and 
p r o p e l l a n t  passage geometry upon t h e  core temperature  and thermal  
stress p r o f i l e s .  

Work on rocket  r e a c t o r  s h i e l d i n g  i s  j u s t  beginning. The g e n e r a l  
o b j e c t i v e  i n  the  s h i e l d i n g  a r e a  i s  t o  i n v e s t i g a t e  and develop methods 
of c a l c u l a t i n g  t h e  d i s t r i b u t i o n  i n  energy and d i r e c t i o n  of t h e  
r a d i a t i o n  escaping from nuc lea r  rocke t  r e a c t o r  core and r e f l e c t o r  
reg ions  i n  a form s u i t a b l e  for  use  i n  s h i e l d i n g  c a l c u l a t i o n s .  This 
i s  important  because t h e  s h i e l d  weight may amount t o  50 p e r c e n t  
o r  more of t h e  t o t a l  nuc lea r  rocket engine weight ,  and t h e  s h i e l d  
des ign  depends c r i t i c a l l y  upon an a c c u r a t e  knowledge of  t h e  r a d i a t i o n  
i n c i d e n t  upon t h e  s h i e l d  from the r e a c t o r .  

A formula t ion  of p a r t i c l e  t r a n s p o r t  using r e f l e c t i o n  and t r ansmiss ion  
p r o b a b i l i t i e s  known as " i n v a r i a n t  imbedding" w a s  chosen f o r  f u r t h e r  
i h v e s t i g a t i o n  and development because it l eads  t o  equa t ions  i n  which 
t h e  independent v a r i a b l e  is  t h e  m a t e r i a l  t h i c k n e s s  so t h a t  t h e  com- 
p l e t e  s o l u t i o n  of a s i n g l e  problem y i e l d s  t r ansmiss ion  and r e f l e c t i o n  
p r o b a b i l i t i e s  f o r  a l l  p o s s i b l e  th i cknesses  of t h a t  m a t e r i a l .  

Work du r ing  t h i s  r e p o r t  pe r iod  was mainly on t h e  development of t h e  
i n v a r i a n t  imbedding technique wi th  some t i m e  s p e n t  i n  l i t e r a t u r e  
review and search  f o r  p e r t i n e n t  experimental  s h i e l d i n g  data. 
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DIRECT ENERGY CONVERSION FROM RADIOISOTOPE POWER SOURCES 

I n v e s t i g a t o r s :  G. L. Brownell, F. J. Mahoney 
Project N o .  : DSR 9940 

I n  t h e  a p p l i c a t i o n  of i o n i z i n g  r a d i a t i o n  t o  t h e  product ion  of  elec- 
t r i c a l  power, schemes which may achieve t h i s  r e s u l t  wi thout  an 
in t e rmed ia t e  s t e p  of heat formation are e s p e c i a l l y  a t t rac t ive  
because of  t h e i r  p o t e n t i a l l y  h igh  e f f i c i e n c y .  A t  t h e  p r e s e n t  t i m e  
one of t h e  m o s t  i n t e r e s t i n g  approaches of t h i s  type  env i s ions  t h e  
use of an e l e c t r o s t a t i c  device t o  e x t r a c t  energy by pass ing  appro- 
p r i a t e l y  chosen charged p a r t i c l e s  through a r e t a r d i n g  electric 
f i e l d .  Because of l i m i t a t i o n s  imposed by p r a c t i c a l  ope ra t ing  
cond i t ions ,  low-energy b e t a  r a d i a t i o n  seems e s p e c i a l l y  promising 
( i .e . ,  energ ies  less than  approximately 250 kev.) S ince  b e t a  
r a d i a t i o n  has  a continuous energy spectrum rather than  being mono- 
e n e r g e t i c ,  t he  o r i g i n a l l y  envis ioned diode-type e lectrostat ic  
device  would have t o  be modified t o  a mult i -gr idded device  i n  
order t o  e x t r a c t  energy m o s t  e f f i c i e n t l y .  

A t  t h e  p re sen t  t i m e  t h e  a c t u a l  number and p o t e n t i a l  d i s t r i b u t i o n  
of t h e  g r i d s  needed is under cons ide ra t ion .  I n  t h i s  con tex t ,  it 
i s  e s s e n t i a l  t o  o b t a i n  re l iable  data on t h e  spectrum of  beta r ad ia -  
t i o n  emit ted f r o m  source conf igu ra t ions  of i n t e r e s t .  I n  essence 
w e  must determine t h e  shape and angular  d i s t r i b u t i o n  of  beta radia- 
t i o n  as a func t ion  of source th i ckness  and composition as w e l l  as 
th i ckness  and atomic number of source-backing material .  Most of o u r  
work i n  t h e  r ecen t  p a s t  has been devoted t o  t h e  i n v e s t i g a t i o n  and 
development of a comparatively inexpensive y e t  s a t i s f a c t o r y  b e t a  
spectrometer .  I n  t h i s  regard  w e  have achieved good r e s u l t s  u t i l i z -  
i n g  p l a s t i c  s c i n t i l l a t i o n  c r y s t a l s  i n  conjunct ion  wi th  a p p r o p r i a t e  
e l e c t r o n i c  pulse-analyzing equipment. 

I n  t h e  p a s t  t h i s  approach t o  beta spectrometry has been employed 
w i t h  high-energy ( >  1 MeV) b e t a  r a d i a t i o n  wi th  s a t i s f a c t o r y  r e s u l t s .  
However, n o t  a great deal of work of t h i s  t ype  has been done w i t h  
beta e n e r g i e s  of i n t e r e s t  t o  us. P a r t  of t h e  reason f o r  t h i s  state 
of a f f a i r s  w a s  t h e  f e a r  t h a t  p l a s t i c  c r y s t a l s  w e r e  s u f f i c i e n t l y  
non-l inear  i n  response a t  e n e r g i e s  below about 200 kev t h a t  t h e i r  
use i n  a spectrometer  w a s  ques t ionable .  Ten ta t ive  r e s u l t s  f r o m  
o u r  i n v e s t i g a t i o n s  have f a i l ed  t o  s u b s t a n t i a t e  such fears. 

A t  t h e  p r e s e n t  t i m e  it appears  t h a t  t h e  major problem i n  t h e  use of 
p l a s t i c  s c i n t i l l a t i o n  c r y s t a l s  i n  spec t rometers  is  t h e i r  compara- 
t i v e l y  poor energy r e s o l u t i o n  p r o p e r t i e s .  T o  improve t h i s  s i t u a t i o n ,  
t w o  l i n e s  of  a t t a c k  are being employed. 
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Since  a major source of poor energy r e s o l u t i o n  i s  t h e  comparatively 
h igh  b a c k s c a t t e r  cross s e c t i o n  f o r  b e t a  r a d i a t i o n  i n c i d e n t  on a 
p l a s t i c  c r y s t a l ,  it has been found advantageous t o  impinge t h e  
i n c i d e n t  b e t a  r a d i a t i o n  i n t o  a t r u n c a t e d  c o n i c a l  w e l l  i n  t h e  d e t e c t -  
i ng  c r y s t a l  r a t h e r  than  onto  a f l a t  c r y s t a l  face .  I n  t h i s  way, 
r a d i a t i o n  backsca t t e red  from t h e  base of t h e  t runca ted  c o n i c a l  
w e l l  w i l l  very l i k e l y  impinge on ano the r  s u r f a c e  of t h e  c r y s t a l  
r a t h e r  than b a c k s c a t t e r  away from t h e  c r y s t a l .  

To f u r t h e r  improve energy r e s o l u t i o n  w e  are i n  t h e  process  of 
w r i t i n g  a computer code f o r  c o r r e c t i n g  output  d a t a  from t h e  spec- 
trometer by employing va r ious  so -ca l l ed  energy r e s o l u t i o n  f u n c t i o n s  
( i .e . ,  func t ions  which desc r ibe  t h e  p r o b a b i l i t y  t h a t  an e l e c t r o n  
of energy Eo appears i n  t h e  spectrometer  readout  t o  have an energy 
i n  t h e  i n t e r v a l  E t o  E + d E ) .  This  approach a t tempts  t o  cover  by 
one comparatively s imple func t ion  a l l  t h e  va r ious  sources  of poor 
energy r e s o l u t i o n .  
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TEXTURE HARDENING 

I n v e s t i g a t o r s :  W. A. Backofen, S. W. Zehr 
Project N o . :  DSR 9941 

Emphasis i n  the las t  p e r i o d  has  been p l aced  on t h e  r e l a t i o n s h i p  o f  
t e x t u r e  t o  f a t i g u e  crack nuc lea t ion  and growth. 
made i n  which speciments w e r e  s u b j e c t e d  t o  f u l l y  r eve r sed  4-point 
bending a t  a frequency of about  1 0  c y c l e s  p e r  second; a l though some 
informat ion  about t h e  f a t i g u e  process  has  r e s u l t e d ,  t h e  p r i n c i p a l  
g a i n  from t h i s  f i r s t  group of tests w a s  c e r t a i n  s t r u c t u r a l  r e f i n e -  
ments i n  t h e  machine and an improved specimen design.  A reasonably  
s a t i s f a c t o r y  technique for  e l e c t r o p o l i s h i n g  t h e  gauge s e c t i o n  of 
t h e  specimens has  also been developed. 

T e s t s  have now been 

Comparisons of t h e  f a t i g u e  behavior  f o r  d i f f e r e n t  materials are much 
more meaningful i f  based on a common p l a s t i c - s t r a i n  amplitude f o r  
a l l .  To allow such comparisons, d i f f e r e n t  methods have been examined 
f o r  determining t h e  p l a s t i c  s t r a i n  amplitude i n  t e s t i n g .  A t  t h e  
moment, the most promising appears  t o  be one based on t h e  use of 
pos t -y i e ld  s t r a i n  gauges a t t a c h e d  t o  r e p r e s e n t a t i v e  specimens. 

Materials t e s t e d  t o  d a t e  have been the  HCP (a) t i t a n i u m  a l l o y s  of 
5A1-2.5Sn and 4A1-1/402 i n  s h e e t  form. The t e x t u r e s  of both c o n s i s t  
o f  s t r o n g  basal-plane alignments p a r a l l e l  t o  t h e  s h e e t  s u r f a c e ,  w i t h  
s o m e  t r a n s v e r s e  spreading.  The 4A1-1/4 02 a l l o y  is  t h e  more s h a r p l y  
t ex tu red .  The arguments f o r  choosing such t e x t u r e s  w e r e  g iven  i n  
t h e  prev ious  r epor t .  Recently,  a s p e c i a l l y  processed q u a n t i t y  of 
t h e  t i t a n i u m  6A1-4V ( a  + 8 )  a l l o y  w a s  acqui red  f o r  f u t u r e  t e s t i n g .  

Observat ions made thus  f a r  have come from specimens o r i e n t e d  w i t h  
t h e  r o l l i n g  plane i n  the maximum f i b e r - s t r e s s  su r face .  It  w a s  i n t e r -  
e s t i n g  t o  f i n d  much more topographica l  development on t h e  s i d e s  of  
such specimens, d e s p i t e  t h e  stress g r a d i e n t  t h e r e ,  and cons ide rab le  
c racking  t h a t  appeared t o  n u c l e a t e  a t  those s u r f a c e s .  The  f i n d i n g  
i s  c o n s i s t e n t  w i th  t h e  ear l ier  sugges t ion  t h a t  t h e  o r i e n t a t i o n  of 
primary d i r e c t i o n s  w i l l  i n f luence  t h e  topographica l  change a s s o c i a t e d  
wi th  c rack  nuc lea t ion .  More s p e c i f i c a l l y ,  i f  t h e  most h i g h l y  s t r e s s e d  
and p o t e n t i a l l y  m o s t  a c t i v e  d i r e c t i o n s  are o r i e n t e d  so as t o  l i e  i n  
a s u r f a c e ,  the c o n t r i b u t i o n  t o  cracking  i n  t h a t  s u r f a c e  should be 
much reduced. I n  t h e s e  experiments it appeared t h a t  t h e  nominally 
l e s s - f avored  " s ide"  s u r f a c e s  w e r e  much more involved i n  t h e  c racking  
even t  because of t h i s  circumstance.  

Progress  has  a l s o  been made i n  t h e  c o n s t r u c t i o n  of the combined-stress 
f a t i g u e - t e s t i n g  u n i t  in tended  f o r  use i n  e v a l u a t i n g  t h e  d i r e c t  
texture-hardening c o n t r i b u t i o n  t o  f a t i g u e  r e s i s t a n c e .  
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THE EFFECTS O F  SPACE RADIATION ON ELECTRONIC MATERIALS 

I n v e s t i g a t o r s :  M. B. Bever, P. Chaudhari 
Project No.:  DSR 9942  

This  r e sea rch  is  concerned w i t h  t h e  i n v e s t i g a t i o n  of t h e  e f f e c t s  of 
r a d i a t i o n  on materials of interest  f o r  t h e i r  e l e c t r o n i c  p r o p e r t i e s ,  
I n  t h e  l a s t  r e p o r t ,  t h e  proposed measurements were o u t l i n e d  and t h e  
i n i t i a l  t e s t i n g  of t h e  requi red  equipment was descr ibed.  During 
t h e  c u r r e n t  per iod ,  bismuth t e l l u r i d e  w a s  i r r a d i a t e d  with pro tons  
f o r  d i f f e r e n t  t i m e s  a t  room temperature.  The H a l l  c o e f f i c i e n t  and 
r e s i s t i v i t y  w e r e  measured a t  d i f f e r e n t  tempera tures  as func t ions  of 
r a d i a t i o n  dosage. L i n e  s h i f t s  and broadening of x-ray d i f f r a c t i o n  
peaks of i r r a d i a t e d  s i n g l e  c r y s t a l  f o i l s  of bismuth t e l l u r i d e  are 
be ing  i n v e s t i g a t e d  a t  p re sen t .  A technique has been developed fo r  
p repa r ing  very t h i n  specimens of bismuth t e l l u r i d e .  

I rr a d i  a t i o n  

A specimen of a s i n g l e  c r y s t a l  of p-type bismuth t e l l u r i d e  w a s  i rra- 
d i a t e d  with 7.5 MeV protons.  The t i m e s  ranged from 2 t o  9 hours 
and t h e  i n t e g r a t e d  doses  from 1.5 t o  8 . 0  x 1 0 l 6  protons/cm2. 
specimen had a th i ckness  of 0.1 cm, which was apprec iab ly  l a r g e r  
t han  t h e  e s t ima ted  range of 0 . 0 1  c m  of t h e  r a d i a t i o n  used. This  
specimen i s  des igna ted  Specimen A. 

The 

Two s i n g l e - c r y s t a l  f o i l s ,  0.002 and 0.009 c m  t h i c k ,  w e r e  also irra- 
d i a t e d  wi th  7.5 MeV protons.  The i n t e g r a t e d  dose w a s  3.0 x 1 O I 6  
protons/cm2. These specimens a r e  des igna ted  Specimens B-1  and B-2. 

H a l l  C o e f f i c i e n t  

The H a l l  c o e f f i c i e n t  w a s  measured f r o m  100 '  K t o  room temperature  
a f t e r  va r ious  per iods  of holding a t  and below room temperature .  The 
H a l l  c o e f f i c i e n t  of Specimen Awas l o w e r  a f t e r  than  be fo re  i r r a d i a -  
t i o n  over  t h e  e n t i r e  temperature range of measurement. A f u r t h e r  
decrease  occurred a f t e r  holding f o r  60 hours a t  78' K. This  decrease  
w a s  found over  t h e  e n t i r e  temperature range of measurement. On 
f u r t h e r  holding a t  room temperature f o r  2 4  hours ,  t h e  H a l l  c o e f f i -  
c i e n t  of Specimen A decreased again,  b u t  t h i s  decrease  was found only 
a t  temperatures  below 150' K ;  above t h i s  temperature  of measurement 
t h e  va lue  was t h e  same be fo re  and a f t e r  t h e  24-hour holding per iod .  
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R e  s i  s t i v i  t y  

The r e s i s t i v i t y  of Specimen A measured f r o m  100' K t o  r o o m  tempera- 
t u r e  increased  wi th  i n c r e a s i n g  dosage of i r r a d i a t i o n .  The r e s i s t i v i t y  
inc reased  during the holding pe r iod  of 60 hours a t  78O K and decreased 
dur ing  t h e  24-hour per iod  a t  room tempera ture ,  a l though t h e  f i n a l  
va lue  was higher  than t h e  va lue  ob ta ined  a f t e r  ho ld ing  a t  78O K. 
These changes w e r e  found over  t h e  e n t i r e  temperature  range of measure- 
ment. 

I n t e r p r e t  a t  i on 

A t e n t a t i v e  i n t e r p r e t a t i o n  of the  foregoing r e s u l t s  is  t h a t  t h e  
changes occurr ing  a t  78 '  K are due t o  the d i f f u s i o n  of hydrogen 
( in t roduced  by t h e  proton i r r a d i a t i o n )  t o  those p a r t s  of t h e  specimen 
which w e r e  beyond t h e  range of the  i n c i d e n t  pro tons .  The changes 
i n  t h e  H a l l  e f f e c t  and r e s i s t i v i t y  a f t e r  holding a t  room temperature  
i s  a t t r i b u t e d  t o  t h e  formation of c o n f i g u r a t i o n s  of l o w e r  energy 
by t h e  de fec t s .  

X-ray D i f f r a c t i o n  

Changes i n  the  l a t t i c e  parameter of Specimens B - 1  and B-2 a f t e r  i r r a -  
d i a t i o n  a r e  a t  p r e s e n t  be ing  measured by x-ray d i f f r a c t i o n .  A s m a l l  
s h i f t  b u t  no d e t e c t a b l e  broadening of  the  d i f f r a c t i o n  l i n e s  has  been 
found. The c e l l  dimension i n  t h e  c - d i r e c t i o n  (based on the  hexagonal 
system) decreased by less than  0 . 1  percent .  

P repa ra t ion  of Thin Specimens 

The p repa ra t ion  of specimens t h i n n e r  t han  t h e  c a l c u l a t e d  range of 
p e n e t r a t i o n  i s  important  for  t h i s  i n v e s t i g a t i o n .  
w a s  unsuccessfu l  as it caused p i t t i n g  of t h e  su r face .  Cleaving wi th  
a s m a l l  b l ade  d i d  n o t  produce continuous p l ane  s u r f a c e s ,  b u t  satis-  
f a c t o r y  specimens could be prepared by c l eav ing  t h e  bulk specimen 
t o  approximately the  d e s i r e d  th i ckness  and then  smoothing the  s u r f a c e  
by removing i s o l a t e d  f l a k e s  with adhesive t ape .  

C h e m i c a l  e t c h i n g  

Plans  fo r  Future  Work 

Thin f o i l s  (0.002-0.010 c m  t h i c k )  of bismuth t e l l u r i d e  prepared by 
t h e  new technique w i l l  be  i r r a d i a t e d  for  d i f f e r e n t  t i m e s .  
H a l l  c o e f f i c i e n t  and r e s i s t i v i t y  w i l l  be measured. 
x-ray d i f f r a c t i o n  measurements w i l l  be  c a r r i e d  ou t .  

Attempts w i l l  b e  made t o  prepare  even t h i n n e r  f o i l s  of bismuth t e l l u -  
r i d e  (500-700 A.U. t h i c k )  f o r  h igh - re so lu t ion  t r ansmiss ion  e l e c t r o n  
microscopy. I f  such f o i l s  can be prepared ,  t hey  w i l l  be  i r r a d i a t e d  
and t h e  r e s u l t i n g  changes i n  s t r u c t u r e  w i l l  be i n v e s t i g a t e d .  

T h e i r  
More p r e c i s e  
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SURFACE BEHAVIOR O F  SOME REFRACTORY SOLIDS WHEN 

EXPOSED TO EXTREME VARIATIONS I N  PRESSURE 

I n v e s t i g a t o r s :  P. L. de Bruyn, A. F. W i t t ,  J. Salamitou 
Project No.  : DSR 9943 

I n t r o d u c t i o n  

I n  t h e  second Semiannual Progress  Report of June 1964, it has  been 
proposed t o  make adsorp t ion  and deso rp t ion  measurements wi th  the  
h e l p  of gas-so l id  chromatography i n  o r d e r  t o  e v a l u a t e  t h e  v a r i a t i o n  
i n  s u r f a c e  behavior  a s  brought about by s u r f a c e  t r ea tmen t  and 
changes i n  environment of s o l i d s .  This  i n v e s t i g a t i o n  w a s  i n i t i a t e d  
wi th  a s tudy  of t h e  s u r f a c e  behavior  of r u t i l e .  
sample which is  being s t u d i e d  a t  p r e s e n t  i s  " t i t a n o x , "  a l a r g e  
s p e c i f i c  s u r f a c e  r u t i l e  obtained from Titanium Pigment Corporat ion.  

The p a r t i c u l a r  

I n  t h e  previous r e p o r t ,  it w a s  noted t h a t  methanol vapor was a good 
test  gas f o r  adso rp t ion  measurements on r u t i l e  because a reasonable  
r e t e n t i o n  t i m e ,  a sha rp  f r o n t ,  and a r e l a t i v e l y  s t e e p  t a i l i n g  w e r e  
observed i n  t h e  e l u t i o n  development technique.  
r e p o r t  records  t h e  d e t a i l e d  experimental  technique used i n  obta in-  
i n g  adso rp t ion  isotherms of methanol on r u t i l e  a s  w e l l  as some 
p re l imina ry  adsorp t ion  r e s u l t s .  

This  p rogres s  

Apparatus 

A rough ske tch  of t h e  experimental  appara tus  was given i n  t h e  pre-  
v ious  r e p o r t .  Since t h i s  r e p o r t  w a s  w r i t t e n ,  some mod i f i ca t ions  
w e r e  in t roduced  and a diagram of t h e  p r e s e n t  appara tus  i s  shown i n  
F igure  1. The adsorp t ion  column (6) and t h e  thermal  conduc t iv i ty  
c e l l  (4) are s i t u a t e d  i n  t h e  thermosta t  (5) made of t w o  t r a n s i t e  
boxes, one i n s i d e  t h e  o t h e r  with a 1-inch t h i c k  l a y e r  of  g l a s s  wool 
between them. The adsorp t ion  column c o n s i s t s  of a t h ree - s t age  
"U"-shaped pyrex column with decreas ing  diameter  i n s i d e  a v e r t i c a l  
c y l i n d e r .  The temperature  i n s i d e  t h e  box is  obta ined  wi th  a 1 ,000  
w a t t  e lectr ical  coi l  l o c a t e d  a t  t h e  bottom of t h e  thermosta t .  
Uniform temperature  i s  maintained by fo rced  a i r  c i r c u l a t i o n  and i s  
c o n t r o l l e d  wi th  a chromel-alumel thermocouple. ~ The d e v i a t i o n  i n  
temperature  f r o m  t h e  bottom t o  t h e  t o p  of t h e  column does n o t  exceed 
- + 0.5O C. The main p a r t  of t he  sample i n t r o d u c t i o n  device  i s  t h e  
s a t u r a t o r  ( 7 ) ;  it is  a s tandard  70 c m  condenser tube.  I n  the i n n e r  
tube, t h e  carrier gas  helium passes  through a f r i t t e d  g l a s s  d i s c  
and then  f l o w s  through l i q u i d  methanol. The temperature  of t h e  
S a t u r a t o r  i s  kept  c o n s t a n t  by c i r c u l a t i n g  methanol vapor i n  t h e  
o u t e r  tube. This vapor is  generated i n  t h e  b o i l i n g  f l a s k  (11) and 
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i s  condensed i n  t h e  s p i r a l  cooled down by d r y  ice i n  acetone. The 
c i r c u i t  i s  connected t o  a vacuum pump through a Car t e s i an  manostat. 
By m e a n s  of t h i s  monostat, t h e  b o i l i n g  p o i n t  of t h e  methanol i n  
(11) is c o n t r o l l e d  and i n  t u r n  t h e  temperature  of t h e  o u t e r  t ube  
of t h e  s a t u r a t o r ,  and f i n a l l y  the  p a r t i a l  p r e s s u r e  of methanol i n  
t h e  gas  stream e x i t i n g  from t h e  s a t u r a t o r .  The base  l i n e  o r  r e f e r -  
ence level  on the chromatrogram is determined by t h e  d e v i a t i o n  of 
t h e  cel l  when pure helium flows through it. Since  t h i s  r e f e r e n c e  
l i n e  i s  a f u n c t i o n  of t h e  gas  f l o w  rate,  it is important  t o  keep 
t h e  flow r a t e  of gas  e n t e r i n g  the d e t e c t i o n  device  c o n s t a n t  regard- 
less of whether t h e  gas conta ins  methanol o r  not .  This  i s  ob ta ined  
by a by-pass c a p i l l a r y  tube  ( 8 )  t h e  s i z e  of which has  been computed 
and v e r i f i e d  by experiments.  

ExDerimental Procedure 

I n  order t o  c a l c u l a t e  t h e  adsorp t ion  d e n s i t y ,  t h e  t r u e  breakthrough 
t i m e  of methanol i n  t h e  column must be known. I t  is, t h e r e f o r e ,  
impor tan t  t o  in t roduce  an i n e r t  gas ,  i n e r t  w i th  r e s p e c t  t o  adsorp- 
t i o n  on r u t i l e  a t  ope ra t ing  cond i t ions ,  which fur thermore should 
a l s o  have a thermal  conduc t iv i ty  d i f f e r e n t  from t h a t  of t h e  c a r r i e r  
gas  helium. Nitrogen w a s  chosen as t h e  i n e r t  gas  and it is  i n t r o -  
duced as an impulse, The pa th  followed by t h e  gases  i n  o r d e r  t o  
get  a f r o n t a l  a n a l y s i s  chromatogram are shown i n  Figure 2. With 
r e f e r e n c e  t o  t h i s  diagram, t h e  fo l lowing  s t e p s  i n  t h e  experimental  
procedure may be  descr ibed:  

1. The carrier gas  follows p a t h s  11, I I I a  by a d j u s t i n g  s top-  
cocks R 1 ,  R 2 ,  R3, and R4. With t h i s  flow c i r c u i t ,  the  base  l i n e  
a t  a g iven  temperature  and gas  flow rate is  e s t a b l i s h e d .  

2. Next n i t rogen  i s  admitted through stopcock R5 which i s  i n  
communication wi th  a n i t rogen  tank. 

3. Stopcock R5 is c losed  and s topcocks R 1 ,  R4,  R3, R2  r eve r sed  
i n  t h i s  o r d e r  so t h a t  t h e  gas  now fo l lows  p a t h s  I and I I I b .  The 
gas  now con ta ins  n i t r o g e n  and methanol vapors wi th  d i f f e r e n t  e x i t  
t i m e s  which w i l l  determine t h e  real breakthrough t i m e .  

Experimental  Resu l t s  

A t y p i c a l  chromatogram i s  shown i n  Figure 3. Following R e i l l e y ,  
Hildebrand, and Ashley1, t h e  breakthrough t i m e  t b ,  t h a t  i s  t h e  
d i s t a n c e  of t h e  n i t rogen  peak t o  t h e  i n f l e c t i o n  p o i n t  of t h e  s t e p  
curve,  i s  taken  a t  h a l f  t h e  he igh t  of t h e  p l a t e a u  H. This  parameter 
i s  n o t  necessary  f o r  t h e  de te rmina t ion  of t h e  adso rp t ion  isotherm 
b u t  it g i v e s  an i n d i c a t i o n  of  t h e  concen t r a t ion  of t h e  vapor i n  t h e  
helium c a r r i e r  gas a t  t h e  ex i t  of t h e  chromatographic column and 
must, t h e r e f o r e ,  be reproducible  under t h e  same experimental  condi- 
t i o n s .  Two series of experiments a t  t h e  same temperature  of 1 1 2 '  C 
have been conducted on 85 grams of  t i t a n o x .  The r e s u l t s  ob ta ined  
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wi th  t h e s e  measurements are shown i n  Table I. I t  should be  men- 
t i o n e d  t h a t ,  af ter  t h e  f i r s t  s e r i e s  of experiments w e r e  run,  pure 
helium gas was flowed through t h e  column f o r  q u i t e  awhile b e f o r e  
t h e  second series of tests were performed. 

C a l c u l a t i o n  of Adsorption Density 

I n  o r d e r  t o  determine an  adsorp t ion  isotherm,  t h e  equ i l ib r ium con- 
c e n t r a t i o n  of methanol vapor and t h e  amount of vapor adsorbed must 
be  known, The p a r t i a l  p re s su re  of methanol i n  helium i s  determined 
by t h e  average temperature  of t h e  s a t u r a t o r  wi th  t h e  h e l p  of t h e  
fo l lowing  expressionz:  

0.05223 a + 

T log P = 

where 

a = 38,334, b = 8.8017 

The volume (v) of methanol adsorbed p e r  gram of column m a t e r i a l  can 
be ob ta ined  from a knowledge of t h e  breakthrough t i m e ;  t h e  g e n e r a l  
expres s ion  f o r  t h e  amount adsorbed p e r  gram is  given by: 

121 
( f low rate) (vapor  concent ra t ion)  (breakthrough t i m e )  v =  weight of adsorbent  

The concen t r a t ion  of methanol i n  t h e  vapor phase i s  given by t h e  
r a t i o  P/P, where Po = t o t a l  p re s su re  a t  e x i t  and i s  equal  t o  t h e  
atmospheric  p re s su re .  I t  is  customary t o  make a c o r r e c t i o n  f o r  t h e  
p r e s s u r e  drop across t h e  column. The express ion  given by Keulemans3 
f o r  t h e  average p r e s s u r e  i n  t he  column is: 

- 2  p = -  
3 

where Pi i s  t h e  t o t a l  p r e s s u r e  a t  t h e  en t r ance  of t h e  column. 
i s  a l s o  necessary  t o  make a c o r r e c t i o n  f o r  t h e  temperature  s i n c e  
t h e  flow rate is  measured a t  room temperature  i n  t h e  soap f i l m  flow 
meter, The complete express ion  for  t h e  amount adsorbed (v)  is ,  
t h e r e f o r e  : 

It  

v = t b X  r x  P - Tc 2 
x 3  Tr 

x -  
(21 -1 ('74 0 

1 
g 

x -  r41 
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I n  t h e  experimental  column, t h e  p r e s s u r e  drop has  been observed t o  
be about 200 mm of mercury. This  means t h a t  Pi/Po i s  equal  t o  

760 + 2oo - -  - 960 'q 1.5 and it i s  p o s s i b l e  t o  make t h e  approxi- 
760 760 

mation 

I n  view of Equation 5, Expression 4 may be  s i m p l i f i e d  t o  g ive :  

~c + (Pip: '0) x -  1 
Tr g 

x -  P v =  t b x r x -  

where tb = breakthrough t i m e ,  r = flow rate ,  p = p a r t i a l  p r e s s u r e  
of methanol, Po = atmospheric p r e s s u r e ,  Pi = p r e s s u r e  a t  t h e  
en t r ance  of t h e  column, Tc = column temperature ,  T = room temper- 
a t u r e ,  g = weight of adsorbent .  
determined from Equation 6 are a l s o  g iven  i n  Table I. The adsorp- 
t i o n  i so therm determined from r e s u l t s  given i n  t h i s  t a b l e  a r e  shown 
i n  F igure  4. 

The c a l c u l a t e d  vafues  of v as 

A t  p r e s e n t ,  t h e  discrepancy i n  the  r e s u l t s  of t h e  two series of 
experiments a r e  puzzl ing.  Fu r the r  s tudy  i s  i n  p rogres s  t o  r e s o l v e  
t h i s  d i f f i c u l t y .  I t  is ,  however, be l i eved  t h a t  t h e  r e s u l t s  ob ta ined  
i n  t h e  second series are more r e l i a b l e .  I t  i s  also i n t e r e s t i n g  t o  
no te  t h a t  t h e  adsorp t ion  d e n s i t y  i s  p r o p o r t i o n a l  t o  t h e  equ i l ib r ium 
p r e s s u r e  throughout t h e  p re s su re  range i n v e s t i g a t e d .  

References 
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Flow R a t e  
of 

E x i t  G a s  
cc/min. 

55 

54 

52  

46 

4 3  

50  

5 3  

5 3  

53 .5  

54 

53 .5  

5 3  

53 

53 

53 

44 

TABLE I 

Adsorption R e s u l t s  a t  112'  C 

B r e a k t h r o u g h  
Time 
m i n .  

3.37 

2.00 

3.47 

3 . 6 1  

4.06 

4.39 

2.12 

1 .99  

1 .86  

2 - 0 4  

2 .11  

2 - 0 0  

2 .01  

2.18 

2 .05  

3.66 

T e m p e r a t u r e  
a t  S a t u r a t o r  

O C  

55 

54 

44 

20 

24 

1 0  

S e c o n d  S e r i e s  

62 

62 

62 

54.2 

54.2 

54.2 

54 .2  

49.2 

49.2 

5.9 

P a r t i a l  
P r e s s u r e  of 

Methanol 
i n  G a s  S t r e a m  

mm H g  

478 

450 

300 

97.2 

1 1 6  

48 

700 

700 

700 

480 

480 

480 

480 

385 

385 

4 5  

Volume of 
M e t h a n o l  
Adsorbed 

cc/g 

2 .03  

1 .08  

1 - 2 0  

0.37 

0.44 

0.22 

1 . 6 4  

1.71 

1 . 8 6  

1 . 1 4  

1.18 

1 .12  

1.13 

0.97 

1 .02  

0.16 
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THE DIFFUSION OF VOLATILE METALS THROUGH 

NONVOLATILE MATERIAL AT LOW PRESSURES 

I n v e s t i g a t o r s :  T. R. Meadowcroft, J. P. Cuny, J. Yarwood 
P r o j e c t  N o .  : DSR 9944 

The o b j e c t  of t h i s  research  i s  t o  determine i f  t h e  Knudsen e f f u s i o n  
technique can be modified s o  as t o  provide a means f o r  t h e  measure- 
ment of d i f f u s i o n  c o e f f i c i e n t s  of v o l a t i l e s  i n  nonvo la t i l e  systems. 
Much of t h e  work t o  d a t e  has  been i n  modifying a vacuum furnace and 
accessories f o r  t h i s  work and i n  making pre l iminary  runs t o  de t e r -  
mine optimum ope ra t ing  condi t ions .  This  pre l iminary  work has 
i n d i c a t e d  t h e  p o s s i b i l i t i e s  f o r  t h i s  method a s  a s u b s t i t u t e  f o r  
t h e  m u l t i p l e  a n a l y s i s  o r  rad iometr ic  techniques gene ra l ly  used f o r  
s o l i d  d i f f u s i o n .  

The technique used has been descr ibed i n  t h e  F i r s t  and Second 
Semiannual Progress  Reports of  t h e  Center f o r  Space Research. The 
Knudsen cell method i s  modified t o  measure a s teady  s t a t e  d i f f u s i o n  
f l u x  and a chemical p o t e n t i a l  o r  a c t i v i t y  g r a d i e n t  of t h e  d i f f u s i n g  
s p e c i e s .  To relate a c t i v i t y  t o  concent ra t ion  g r a d i e n t s  f o r  sub- 
s t i t u t i o n  i n t o  F i c k ' s  f i r s t  l a w ,  it w a s  i n i t i a l l y  thought t h a t  t h e  
a c t i v i t y  of manganese i n  i r o n  could be assumed equal  t o  concentra- 
t i o n .  This view w a s  quest ioned,  however, so t h e  f i r s t  s tudy  made 
was on t h e  a c t i v i t y  of manganese i n  t h e  system Fe-Mn. Then m e a -  
surements w e r e  made t o  a s c e r t a i n  t h e  optimum condi t ions  f o r  d i f f u -  
s i o n  measurements i n  Knudsen c e l l s .  

Resu l t s  

Vapor p re s su re  measurements have been made on a series of a l l o y s  
wi th  t h e  compositions shown i n  Table I over  a temperature  range 
from 1070O t o  1540' K. The vapor p re s su re  of manganese i n  i r o n  
a l l o y s  as a func t ion  of temperature i s  shown i n  Figure 1. The 
r e s u l t s  have been t r a n s l a t e d  by means of f r e e  energy a g a i n s t  
temperature  diagrams t o  show t h a t  t h e  entropy of mixing f o r  t h e  
system i s  i d e a l  ( S k  = -R In x) and t h a t  t h e  hea t  of mixing i s  
s m a l l  and negat ive.  The r e s u l t s  have been shown a s  a c t i v i t y  versus  
atomic concen t r a t ion  a t  two temperatures i n  Figures  2 and 3 .  I t  
i s  i n t e r e s t i n g  t o  note  t h a t  the a c t i v i t y  approaches Raoul t ian 
behavior  n o t  only a t  high concent ra t ions  b u t  a l s o  i n  t h e  d i l u t e  
s o l u t i o n  range. 

The a c t i v i t y  r e s u l t s  a r e  of cons iderable  i n t e r e s t  i n  t h e  d i f f u s i o n  
work s i n c e  a l l o y s  from 2 0  t o  50 atomic pe rcen t  manganese are used 
t o  f i x  t h e  a c t i v i t y  of manganese a t  one s i d e  of an i r o n  f o i l .  The 
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a c t i v i t y  a t  t h e  o t h e r  s i d e  is  measured by t h e  Knudsen cel l .  As is  
shown i n  Figures  2 and 3, t h e  a c t i v i t i e s  i n  t h i s  reg ion  vary  by 
roughly 25 percent  from t h e  concen t r a t ion  which i s  used i n  t h e  
d i  f f us i on equat ion.  

Pre l iminary  d i f f u s i o n  measurements have shown t h a t  t h e  f l u x  of 
manganese through an i r o n  f o i l  is  p r i m a r i l y  a f u n c t i o n  of t h e  i n i t i a l  
a c t i v i t y  of  manganese, t h e  f i n a l  a c t i v i t y  a t  s t e a d y  s t a t e  being very 
s m a l l  f o r  even t h i n  f o i l .  I n  t h e  s i m p l i f i e d  expres s ion  

Flux = -D A C  
t 
- 

t h i s  means t h a t  AC may be rep laced  by t h e  base  a l l o y  composition. 
S ince  D is ,  however, a func t ion  of composition, a number of  base  
a l l o y s  must be used t o  a s c e r t a i n  t h e  form of D. Resu l t s  ob ta ined  
so f a r  have been of  t h e  r i g h t  o r d e r  of magnitude b u t  have had s o m e  
cons ide rab le  scatter. However, t h e  technique  i s  workable and more 
p r e c i s e  measurements a r e  a n t i c i p a t e d .  

Proaram 

I n  t h e  n e x t  f e w  months t h e  equipment w i l l  be modif ied s l i g h t l y  t o  
permi t  b e t t e r  c o n t r o l  of temperature  over  long p e r i o d s  of t i m e .  A 
series of d i f f u s i o n  experiments w i l l  then  be made t o  a s c e r t a i n  t h e  
p r e c i s i o n  and accuracy of t h e  technique.  Other  b i n a r y  systems wi th  
manganese w i l l  then be s tud ied .  

T h e s i s  

Cuny, J. P.: "Diffusion Measurements Using a Knudsen C e l l . , -  
S. M., 1964. 



TABLE I 

Composition of the Fe-Mn Alloys 

Alloy Number 

10 

30 

40 

50 

70 

90 

% M n  

10.96 

30.20 

40.38 

50.96 

69.79 

88.34 
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- % Fe 

89.04 

69.80 

59.62 

49.04 

30.21 

11.66 
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D E S I G N  OF A LARGE FLOW RATE THERMAL PLASMA SOURCE 

I n v e s t i g a t o r :  G. C. Oates 
Project N o .  DSR 9 9 4 5  

The o b j e c t i v e  of t h e  program covered by t h i s  g r a n t  was t o  des ign ,  
i n  d e t a i l ,  a f a c i l i t y  capable  of supplying up t o  two kilograms 
p e r  second of argon hea ted  t o  approximately 2000O K s t a g n a t i o n  
temperature .  I t  was planned t o  des ign  t h e  f a c i l i t y  wi th  a l a r g e  
enough heat capac i ty  so t h a t  flow d u r a t i o n s  of approximately one 
m i h u t e  would no t  s e r i o u s l y  decrease t h e  e x i t  s t a g n a t i o n  en tha lpy .  

F igure  1 shows t h e  des ign  drawing of t h e  o v e r a l l  device.  A l l  
i n t e r n a l  p a r t s  of t h e  h e a t e r ,  with t h e  except ion  of s e v e r a l  
s m a l l  boron n i t r i d e  p a r t s ,  are g raph i t e .  I n s u l a t i o n  i s  provided 
by s e v e r a l  l a y e r s  of g r a p h i t e  f e l t  backed up by t h r e e  inches  of 
g r a p h i t e  f i b r e s .  The seeding device i n d i c a t e d  i n  t h e  drawing 
c o n s i s t s  of a variable-speed motor d r i v i n g  a ram which i n  t u r n  
d r i v e s  a 200 cc s u r g i c a l  syr inge.  The r e s u l t i n g  potassium flow 
w i l l  b e  vaporized by a 40 kw arc j e t  t o  emerge through t h e  
"seeder p ipe"  i n  a plenum chamber a t  t h e  t o p  of t h e  h e a t e r .  

A t  p r e s e n t ,  t h e  p r e s s u r e  ves se l  and a l l  of t h e  i n t e r n a l  p a r t s  
of t h e  h e a t e r  have been ordered,  a s  have m o s t  of t h e  p a r t s  
necessary  f o r  manifolding t h e  argon supply and c o n t r o l l i n g  t h e  
plasma flow. Delivery of t h e  major p a r t s  is expected s h o r t l y ,  
and construction and i n s t a l l a t i o n  w i l l  fo l low immediately upon 
d e l i v e r y  of the p a r t s .  
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KINETIC THEORY OF PLASMAS 

I n v e s t i g a t o r s :  J. E. McCune, P. Manglis, C. B a r t l e t t  
Project N o .  : DSR 9946 

A new approach t o  t h e  s tudy  of i r r e v e r s i b l e  behavior  of plasmas 
and t h e  s e l f - l i m i t i n g  of m i c r o i n s t a b i l i t i e s  of plasma o s c i l l a t i o n s  
has  been i n i t i a t e d ,  u t i l i z i n g  an 'IN-momenta d e s c r i p t i o n "  of plasma 
dynamics. The f i r s t  r e s u l t  of t h i s  s tudy w a s  t h e  d e r i v a t i o n  of t h e  
master equat ion  f o r  spatially-homogeneous plasmas wi thout  magnetic 
f i e ld .  This  work has r e c e n t l y  been publ i shed; '  ex tens ions  and 
a p p l i c a t i o n s  t o  uns t ab le  plasmas are desc r ibed  i n  t h e  fol lowing.  

There are t h r e e  main r e s u l t s  of t h e  i n i t i a l  s tudy ,  a s i d e  from t h e  
master equat ion  i t s e l f :  

1. The proof of a "weak" H-theorem f o r  spatially-homogeneous 
plasmas, showing t h a t  t h e  gene ra l i zed  c o r r e l a t i o n s *  always 
( even tua l ly )  d r i v e  t h e  system toward equi l ibr ium;  

2.  Contact  w i th  t h e  u s u a l  k i n e t i c  theory  by a p p r o p r i a t e  
i n t e g r a t i o n  of t h e  equat ions  and i n t r o d u c t i o n  of t h e  Mayer- 
Bogoliubov c l u s t e r  expansion; and 

3.  Recognition t h a t  t h e  space-veloci ty  ope ra to r  governing 
t h e  gene ra l i zed  correlations is  anti-Hermitian and t h a t  
therefore i n  t h e  N - m o m e n t a  d e s c r i p t i o n  t h e  plasma osci l la-  
t i o n s  are bounded. (See a l s o ,  p rev ious  progress  r e p o r t ,  
June 1, 1964.) 

The p re l imina ry  r e s u l t s  (1) and (2) and ( 3 )  i n d i c a t e  t h a t  microin- 
s t a b i l i t i e s  indeed are s e l f - l i m i t i n g  i n  spatially-homogeneous plasmas 
wi thout  magnetic f i e l d .  However, much more d e t a i l e d  understanding 
of t h e  process  by which t h i s  occurs i s  requi red .  Moreover, t h e  
s e l f - l i m i t i n g  of coherent  f l u c t u a t i o n s  ("macroscopic" v a r i a t i o n s  
i n  space)  and t h e  effects of magnetic f i e l d s  are of major importance. 

The N-momentum d e s c r i p t i o n  has now been extended i n  t w o  e s s e n t i a l  ways. 

1. Magnetic F ie ld .  The master equat ion  f o r  a s p a t i a l l y -  
homoqeneous plasma imbedded i n  a uniform magnetic f i e l d  has 
been-derived: The work i s  s t i l l  i n  progress ;  however, it 
appears  t h a t  t h e  major r e s u l t s  of t h e  theo ry  f o r  z e r o  magnetic 
f i e l d  go through wi thout  e s s e n t i a l  change. 
f l u c t u a t i n g  f i e l d s  and s p a t i a l  v a r i a t i o n s  is being s tud ied .  

Extension t o  

* The gene ra l i zed  c o r r e l a t i o n s  are t h e  analog i n  N-momentum space 
of two-body c o r r e l a t i o n  func t ions .  They a r e  func t ions  of N momenta 
and t w o  s p a t i a l  coord ina tes .  
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2. Coherent F luc tua t ions .  The N-momentum d e s c r i p t i o n  has  now 
been extended t o  inc lude  t h e  case of moderately s t r o n g  coherent  
s p a t i a l  f l u c t u a t i o n s  wi th  no magnetic f i e l d .  The r e s u l t s  l e a d  
t o  a coupled se t  of t h r e e  l i n e a r  equat ions  analogous t o  t h e  
Vlasov-Balescu-Lenard set of t h e  u s u a l  k i n e t i c  theory .  (The 
major t a s k  has been t o  achieve a p h y s i c a l l y  reasonable  c l o s u r e  
of t h e  genera l  h i e ra rchy  of  N equa t ions . )  

Our success  i n  t h i s  regard  w a s  r epor t ed2  a t  a r e c e n t  meeting of  t h e  
American Phys ica l  Soc ie ty .  

The c losed  set of  t h r e e  equat ions  are now being s t u d i e d  as o u r  main 
t o o l  i n  desc r ib ing  t h e  development and s e l f - l i m i t i n g  of micro ins ta -  
b i l i t i e s  i n  plasmas. The space-ve loc i ty  o p e r a t o r s  are a l l  a n t i -  
Hermitian as expected, and p r e c i s e l y  of  t h e  form discovered  i n  
Reference 1. Search i s  underway f o r  t h e  e igen func t ions  of  these 
basic opera tors .  

R e f  e rences 

1. McCune , J. E.: Phys. Flu. - 7, No. - 8 ,  P- 1306. 

2. B a r t l e t t ,  C. J. and J. E. McCune: Paper T I O ,  Annual Meeting of 
Div is ion  - of Plasma Physics  ( A P S ) ,  N e w  York, November 1 9 6 4 .  



- 67 - 

A RESEARCH PROGRAM I N  SPACE ELECTRONICS 

I n v e s t i g a t o r :  J. F. R e i n t j e s  
P r o j e c t  N o . :  DSR 9948 

This  NASA g r a n t  i nc ludes  t w o  t a sks .  Task  1 an i n v e s t i g a t i o n  of 
a n d u c t i o n  processes  i n  t h i n  f i lms ,  and Task 2 i s  r e sea rch  on 
computer-aided des ign  of space e l e c t r o n i c  c i r c u i t s .  The work per- 
formed on both  t a s k s  from June 1, 1964  through November 30, 1964  
w i l l  be r epor t ed  upon i n  detai l  s e p a r a t e l y  by t h e  E l e c t r o n i c  Systems 
Laboratory.  

I n  b r i e f ,  work under Task 1 involved: measurements of t r a p  d e n s i t y  
of t h i n  CdS f i l m s  i n  o r d e r  t o  determine t h e  number of t r a p s  p e r  
u n i t  volume and t h e i r  energy d i s t r i b u t i o n ;  a s tudy  of s u r f a c e  
phenomena of t h i n  CdS f i l m s ;  a s tudy  of gold-f i lm s t r u c t u r e  when 
depos i t ed  on a CdS f i l m  su r face ;  thermal ly  s t i m u l a t e d  emission 
c u r r e n t s  i n  CdS f i lms ;  a s tudy  of nega t ive  r e s i s t a n c e  e f f e c t s  i n  
CdS diodes.  A l l  of t h e s e  i n v e s t i g a t i o n s  are being undertaken i n  
an effor t  t o  ga in  an understanding of t h e  fundamentals of  conduc- 
t i o n  processes  i n  t h i n  f i l m s  of semiconductor materials. 

Under Task 2, i n v e s t i g a t i o n s  are be ing  conducted through use of 
M I T ' s  Project MAC Computer on computer-aided s y n t h e s i s  and a n a l y s i s  
of n o n l i n e a r  a c t i v e  and pass ive  networks s u b j e c t  t o  c e r t a i n  con- 
s t r a i n t s ;  s y n t h e s i s  of l o g i c a l  networks, g iven  t h e  o v e r a l l  i npu t -  
o u t p u t  s p e c i f i c a t i o n s  f o r  t h e  network and t h e  set  of b a s i c  l o g i c  
b locks  t o  be used; i n v e s t i g a t i o n s  l e a d i n g  t o  t h e  s imula t ion  of 
a c t i v e  and pass ive  networks by d ig i ta l -computer  means. The 
u l t i m a t e  goa l  of t h i s  r e s e a r c h  i s  t o  develop e f f e c t i v e  procedures  
f o r  u s ing  d i g i t a l  computers as a powerful des ign  t o o l  f o r  elec- 
t r i ca l  c i r c u i t s  wi th  emphasis on c i r c u i t r y  f o r  space a p p l i c a t i o n s .  
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M I N I M U M  FUEL SYSTEMS 

I n v e s t i g a t o r s :  M. Athans, D. L. Kleinman 
Project N o . :  DSR 9952 

In t roduc t ion  

The object of t h i s  research i s  t o  cons ide r  t h e  t h e o r e t i c a l  and 
p r a c t i c a l  a spec t s  of fuel-opt imal  c o n t r o l s  systems using t h e  Maximum 
P r i n c i p l e  o f  Pontryagin.  I n  a l l  of t h e  problems, t h e  consumed f u e l  
r equ i r ed  t o  accomplish a r equ i r ed  c o n t r o l  t a s k  i s  inc luded  i n  t h e  
performance c r i t e r i o n .  I n  a d d i t i o n ,  o t h e r  q u a n t i t i e s  of i n t e r e s t  
(e .g . ,  t h e  response t i m e )  are a l so  inc luded  i n  t h e  performance 
c r i t e r i o n .  

This r e sea rch  p r o j e c t  i s  a t  p r e s e n t  a t  i t s  pre l iminary  s t a g e .  Cur- 
r e n t l y ,  t h e  i n v e s t i g a t i o n s  are focussed on t h e  fol lowing t w o  problems: 

1. I n v e s t i g a t i o n  of S a t e l l i t e  A t t i t u d e  Cont ro ls  from t h e  P o i n t  of  
V i e w  of Minimizing a Linear  Combination of t h e  Consumed Fuel and of 
t h e  Response T i m e  

roblem rep resen t s  t h e  n a t u r a l  ex tens ion  of prev ious  inves t iga -  
This t i o n s  P , 2  t o  t h e  des ign  of  a non l inea r  t ime- invar ian t  s a t e l l i t e  a t t i -  
tude c o n t r o l  system. The basic opt imal  des ign  i s  modified so  t h a t  
t h e  l i m i t  cyc l e  (which w i l l  a r ise  f r o m  imperfec t ions  i n  t h e  gas  jets)  
w i l l  n o t  consume a l a r g e  amount of f u e l .  A r e p o r t  on t h i s  p r o j e c t  
i s  under prepara t ion .  

2. The Theory of  Fuel-Optimal Systems 

T h i s  s tudy  i s  concerned wi th  t h e  ques t ions  of e x i s t e n c e ,  uniqueness,  
and p o s s i b i l i t y  of s i n g u l a r  s o l u t i o n s  for  t h e  g e n e r a l  minimum f u e l  
problem, under t h e  assumption t h a t  t h e  c o n t r o l l e d  p l a n t  i s  l i n e a r ,  
t ime- invar ian t ,  and of a r b i t r a r y  dimension. C e r t a i n  pre l iminary  
r e s u l t s  concerning the  e x i s t e n c e  of s o l u t i o n s  and t h e  p o s s i b i l i t y  
of opt imal  c o n t r o l s  have been obtained.  
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ROLE O F  COST FUNCTION I N  ENGINEERING OPTIMIZATION 

I n v e s t i g a t o r s :  R. L. Halfman, G. S t e i n k e r  
Project N o , :  DSR 9953 

The purpose of t h i s  research  i s  t o  i n v e s t i g a t e  t h e  n a t u r e  of t h e  
performance cr i ter ia  and i t s  e f f e c t  upon t h e  opt imal  s o l u t i o n s  t o  
problems i n  engineer ing  opt imizat ion.  During t h e  i n i t i a l  months 
a l i t e r a t u r e  survey has been conducted wi th  s p e c i a l  emphasis upon 
t h e  form of cost func t ions  employed i n  t h e  op t imiza t ion  of 
engineer ing  systems. 
carried o u t  for: 

The major i ty  of prev ious  work has  been 

1. Automatic feedback c o n t r o l  systems or r e g u l a t o r  systems 
(predominantly l i n e a r )  i n  which it i s  d e s i r e d  t h a t  t h e  
o u t p u t  of a dynamic device  fo l low a command i n p u t  and 
remain s t a b l e  under uncon t ro l l ab le  n o i s e  inpu t s .  
systems t h e  performance cri teria chosen are t h e  i n t e g r a l  
squa re  error or  mean square error. 

For these 

2. Terminal c o n t r o l  systems, predominantly employed i n  
aerospace systems f o r  t h e  opt imiza t ion  of f l i g h t  trajec- 
tories, i n  which it i s  des i r ed  t o  reach, f r o m  given i n i t i a l  
c o n d i t i o n s ,  a d e s i r e d  terminal  state.  The performance I 

c r i t e r i a  are u s u a l l y  formulated i n  terms of t h e  t e rmina l  
v a l u e s  of t h e  s t a t e  va r i ab le s .  

Very f e w  p a r t i a l l y  observable  o r  s tochast ic  t e rmina l  c o n t r o l  systems 
have been examined. I t  is f e l t  t h a t ,  w i th  t h e  a d d i t i o n  of accuracy 
requirements  i n t o  t h e  performance c r i te r ia  f o r  t h e s e  systems, t h e  
opt imal  s o l u t i o n s  could be s i g n i f i c a n t l y  a l t e r e d .  

Future  r e sea rch  w i l l  be  conducted towards t h e  c o n s t r u c t i o n  of a 
g e n e r a l i z e d  dynamic te rmina l  c o n t r o l  system wi th  a time-dependent 
cost func t ion .  A re -en t ry  guidance system may w e l l  s e r v e  as a 
u s e f u l  t r i a l  app l i ca t ion .  
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LABORATORY FOR SPACE EXPERIMENTS 

I n v e s t i g a t o r s :  R. H. Baker, H.  S. Bridge, R. J. B u t l e r ,  

P r o j e c t  N o .  : DSR 9947 
J; V. Harr ington,  W. L. Kraushaar, R. W. Rasche 

The Laboratory f o r  Space Experiments commenced o p e r a t i o n s  on a 
very modest scale dur ing  t h e  c u r r e n t  r e p o r t i n g  pe r iod .  

A s u b s t a n t i a l  amount of e f f o r t  i n  t h e  f i r s t  q u a r t e r  w a s  devoted 
t o  organiz ing  t h e  a c t i v i t y ,  equipping s u i t a b l e  l a b o r a t o r y  f a c i l i t i e s ,  
and h i r i n g  p ro fes s iona l  and t e c h n i c a l  personnel .  

Three programs are p r e s e n t l y  underway w i t h i n  t h e  Laboratory; t h e s e  
are: t h e  MIT Gamma Ray Telescope, t h e  A-IMP P l a s m a  Probe, and the 
Sunblazer  program. 

MIT Gamma Ray Telescope 

This  program i n v i s i o n s  a number of measurements of the  gamma ray  
i n t e n s i t y  of t h e  universe .  
t i g a t i o n  of t h e  unique way i n  which g a m a  rays  are produced and 
whether they  a r e  of g a l a c t i c  o r  e x t r a g a l a c t i c  o r i g i n .  

The measurement instrument  c o n s i s t s  p r i m a r i l y  of a c e n t r a l  counter  
and a Cerenkov counter  which make up a " t e l e scope"  i n  t h e  sense  
t h a t  when a charged p a r t i c l e  t r a v e r s e s  t h e  ins t rument  from t h e  
forward direction, t h e  two counters  respond s imultaneously.  I f  
t h e  cause w a s  an incident-charged p a r t i c l e ,  t h e  v e t o  counter  also 
responds and wipes o u t  t h e  record  of the  simultaneous event .  But 
i f  t h e  i n c i d e n t  par t ic le  w a s  a gamma r a y ,  t h e  v e t o  counter  does 
n o t  respond, and a s i g n a l  is  t e l eme te red  t o  e a r t h  g i v i n g  an ind ica -  
t i o n  of t h e  energy l o s t  by the  e l e c t r o n - p o s i t r o n  p a i r  t h a t  a c t i v a t e d  
t h e  c e n t r a l  s c i n t i l l a t o r .  

The new e l e c t r o n i c s  a s s o c i a t e d  wi th  t h i s  OAO-A experiment a r e  be ing  
designed and assembled f o r  t h e  Laboratory of Nuclear Science.  
These e l e c t r o n i c s  provide on-board s i g n a l  process ing  c a p a b i l i t y  
for  the  measurement e l e c t r o n i c s  which w e r e  designed fo r  i n t e r f a c e  
wi th  the  Explorer X I  veh ic l e .  The new e l e c t r o n i c s  a l s o  provide 
t h e  necessary da t a -con t ro l  func t ions  and i n t e r f a c e  between t h e  
measurement e l e c t r o n i c s  and t h e  c e n t r a l  p rocess ing  u n i t  of t h e  
OAO-A veh ic l e .  

Of e s p e c i a l  s i g n i f i c a n c e  i s  an inves-  
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A-IMP Plasma Probe 

I n  September the  Center  undertook a j o i n t  experiment wi th  t h e  
Laboratory f o r  Nuclear Science.  The plasma probe c o n s i s t i n g  of 
a Faraday cup and e l e c t r o n i c s  package t o  be placed i n  a l u n a r  
o rb i t  i s  designed t o  measure t h e  proton and e l e c t r o n  f l u x e s  i n  
t h e  energy reg ions  from a few ev t o  about  3 ,000  ev. 

The e l e c t r o n i c s  are being designed and b u i l t  by t h e  Laboratory 
f o r  Space Experiments and c o n s i s t  p r i m a r i l y  of f o u r  s e c t i o n s :  
t h e  measurement cha in  o r  s i g n a l  cond i t ione r :  t h e  modulator,  which 
c o n t r o l s  vo l t age  on t h e  Faraday cup; t h e  l o g i c  system which per- 
forms s i g n a l  process ing ,  on-board s t o r a g e  and d a t a  c o n t r o l ;  and 
t h e  i n t e r f a c e  func t ion  with t h e  A-IMP s p a c e c r a f t ;  and t h e  l o w -  
v o l t a g e  power supply.  

The e l e c t r o n i c s  system design has  been determined and work on a 
breadboard i s  underway. 

Sunblazer  

This program contemplates t h e  placement of a s m a l l  s a t e l l i t e  i n  
o r b i t  about  t h e  sun to observe t h e  e f f e c t  of t h e  i n t e r p l a n e t a r y  
m e d i u m  on s i g n a l s  t r a n s m i t t e d  f r o m  t h e  sa te l l i t e  to  t h e  e a r t h  a s  
t h e  s a t e l l i t e  recedes  from t h e  e a r t h  and is  e v e n t u a l l y  occu l t ed  
by t h e  sun. 

Considerable  i n i t i a l  e f f o r t  has been devoted t o  t h e  des ign  of t h e  
s p a c e c r a f t .  S t a b i l i z a t i o n  of the  s p a c e c r a f t  along a s o l a r  r a d i u s  
through t h e  a c t i o n  of r a d i a t i o n  p r e s s u r e  is  being s tud ied .  Various 
vane des igns  and l i b r a t i o n  damping mechanisms a r e  be ing  considered.  

P o s s i b l e  Sunblazer  o r b i t s  a r e  being s t u d i e d  as are modulation 
techniques  t o  t a k e  advantage of t h e  h i g h e r  average powers a t t a i n -  
a b l e  from t h e  o r i e n t e d  s o l a r  panels .  
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THE IMPACT OF R AND D ON THE U. s. ECONOMY 

I n v e s t i g a t o r :  W. H.  G r u b e r  
P r o j e c t  N o .  : DSR 9830 

Research e f f o r t  of t h i s  p r o j e c t  has been d iv ided  i n t o  t h e  fol lowing 
t h r e e  s t a g e s :  

1. T o  determine t h e  ways i n  which t h e  economy has  func t ioned  
d i f f e r e n t l y  i n  t h e  postwar pe r iod ,  when t h e  expendi tures  on 
R and D were l a r g e ,  r e l a t i v e  t o  1909-1929,  t h e  f i r s t  normal 
pe r iod  before  R and D expendi tures  w e r e  s i g n i f i c a n t .  

2. T o  a t tempt  t o  e v a l u a t e  t h e  s p e c i f i c  e f f e c t s  t h a t  R and D 
has had on t h e  func t ion ing  of t h e  postwar economy u t i l i z i n g  
t h e  f ind ings  i n  s t a g e  (1) f o r  pe r spec t ive .  

3 .  To u t i l i z e  t h e  understanding of t h e  impact of R and D 
der ived  from s t a g e s  (1) and ( 2 )  i n  o r d e r  t o  cons ide r  t h e  
f u t u r e  r o l e  of R and D and t h e  ways i n  which b e t t e r  under- 
s t and ing  can  maximize t h e  use fu lness  of R and D whi le  mini- 
mizing t h e  d i s r u p t i o n s  i n  t h e  economy caused by it. 

The f irst  s t a g e  h a s  been l a r g e l y  f i n i s h e d  and a complete r e p o r t  of 
t h i s  r e sea rch  is  a v a i l a b l e  i n  t h e  two MIT School of I n d u s t r i a l  
Management working papers  l i s t e d  i n  t h e  Second Semiannual Progress  
Report. 

Work on t h e  second s t a g e  has  been concent ra ted  on t h e  impact of  R 
and D on t h e  func t ioning  of l a b o r  markets and t h e  role  of educa t ion  
i n  t h e  t echno log ica l ly  m o r e  complex s o c i e t y  of t h e  postwar per iod .  
The sectoral  impact of p r o d u c t i v i t y  i n c r e a s e ,  where those  sectors 
wi th  t h e  f a s t e s t  i n c r e a s e s  i n  p r o d u c t i v i t y  have had t h e  smaller 
i n c r e a s e s  i n  employment, i s  one f i n d i n g  of t h i s  research .  The 
occupat iona l  impact has  been analyzed, and it w a s  found t h a t  occupa- 
t i o n s  t h a t  have had t h e  h i g h e s t  educa t iona l  a t t a inmen t s  are those  
occupat ions t h a t  have inc reased  i n  employment t h e  m o s t  r a p i d l y .  

The role of  educat ion i n  t h e  more t echno log ica l ly  complex economy 
has been analyzed from t w o  d i f f e r e n t  pe r spec t ives .  The work 
desc r ibed  above i s  p a r t  of a p r o j e c t  t h a t  i s  almost i n  f i n i s h e d  
manuscript  form under t h e  t i t l e  "Produc t iv i ty ,  Education and Changes 
i n  t h e  Labor Force." The second facet of t h e  overal l  p r o j e c t  
r e l a t e d  t o  educat ion i s  designed t o  measure t h e  changes t h a t  have 
taken  p l a c e  during t h e  postwar pe r iod  i n  t h e  educa t ion  of s c i e n t i s t s  
and engineers .  The theme of t h i s  r e sea rch  i s  based on t h e  proposi-  
t i o n  t h a t  t h e r e  are f o u r  d i s c e r n i b l e  s t a g e s  i n  t h e  evo lu t ion  of 
s c i e n t i f i c  manpower i n  t h e  United S t a t e s .  The f i rs t  of  t h e s e  
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s t a g e s ,  f a r  removed f r o m  today ' s  world,  c o n s i s t e d  of a f r e e  market 
i n  which random even t s  dominated and s c i e n t i f i c  progress  w a s  a 
f u n c t i o n  of the d i s c o v e r i e s  of independent i nven to r s  and e n t r e -  
p r e n e u r ~ ~ ,  6, 8. The waning years  of t h i s  stage witnessed t h e  
emergence of a new a s p e c t  of s c i e n t i f i c  ac t iv i ty- -organized  t e a m  
a c t i o n  i n  r e sea rch  and development. World War 11, with i t s  powerful 
demands on technology, brought about t h e  second s t a g e ,  i n  which t h e  
f e d e r a l  government became deeply involved i n  t h e  progress  of sc ience .  
Sc ience  thus  became an instrument  of n a t i o n a l  p o l i c y ,  bu t  n a t i o n a l  
g o a l s  w e r e  related t o  crises, and t h e  need for  long-range planning 
w a s  n o t  f e l t 1 5 .  
energy wi th  a number of revolu t ionary  defense systems, t h e  a r r i v a l  
on t h e  scene of Sputnik and t h e  r a p i d  sequence of events  t h a t  
followed (Nat iona l  Defense Education A c t ,  Nat iona l  Aeronautics and 
Space Adminis t ra t ion)  a l l  s e t  t h e  s t a g e  f o r  long-range effects 
wi thou t  a f u l l  understanding of w h a t  t h e s e  e f f e c t s  might be.  

During t h e  postwar yea r s ,  t h e  growth of atomic 

Stage  t w o  cont inued u n t i l  t h e  e a r l y  1960's, when it began t o  phase 
i n t o  stage th ree .  By t h e  t i m e  of t r a n s i t i o n  between t h e s e  t w o  
s t a g e s ,  f e d e r a l  involvement i n  sc i ence  w a s  such t h a t  two-thirds of 
a l l  mone s p e n t  on r e sea rch  and development came from federal 
sou rces  1T . 
During t h e  l a t e  1950's and inc reas ing ly  i n  t he  1960's, t h e  impact 
of f e d e r a l  a c t i o n s  on t h e  hea l th  and func t ion ing  of t h e  s c i e n t i f i c  
community has  been quest ioned.  I t  i s  t h e r e f o r e  d i f f i c u l t  t o  d a t e  
p r e c i s e l y  t h e  beginning of s t a g e  three. Due t o  t h e  g r e a t e r  i n t e n s i t y  
t h a t  has  c h a r a c t e r i z e d  t h e  ques t ion ing  process  i n  t h e  e a r l y  1960's, 
it is t h i s  pe r iod  t h a t  has been s e l e c t e d  as t h e  beginning of stage 
t h r e e .  The key change i n  the parameters has been t h e  p rospec t ive  
s lackening  i n  t h e  rate of inc rease  of government-sponsored R and D. 
This  has  fo rced  upon t h e  government o f f i c i a l s  and p r a c t i t i o n e r s  of 
R and D t h e  problem of resource a l l o c a t i o n .  I n  t u r n ,  t h i s  has 
brought  i n t o  focus t h e  problems of  e f f i c i e n c y  and t h e  ques t ion  of 
n a t i o n a l  goa l s .  

Ques t ion ing  t h e  c u r r e n t  h e a l t h  of t h e  s c i e n t i f i c  community has  taken 
many forms. I t  has  been claimed t h a t  government-sponsored R and D 
i s  consuming t h e  n a t i o n ' s  " s e e d  corn" as educa tors  are b i d  away from 
t h e i r  classroomslo. I t  has also been observed t h a t  t h e r e  has  been 
so much t echno log ica l  progress  t h a t  obsolescence of s c i e n t i f i c  
knowledge now r e p r e s e n t s  a formidable problem3. 
t h a t  there w i l l  soon be a g r e a t  shortage"+, bu t  it has a lso been 
a l l e g e d  t h a t  t h e r e  w i l l  be a s u r f e i t  of t r a i n e d  s c i e n t i s t s  and 
engineers2 .  It  has been found t h a t  Nat iona l  M e r i t  S e m i f i n a l i s t s ,  
considered t o  be t h e  m o s t  h ighly q u a l i f i e d  secondary school  g radua te s ,  
are express ing  less i n t e r e s t  i n  s c i e n c e  and engineer ing12.  T h e  
q u a l i t y  of i n p u t  i n t o  schools  of s c i ence  and engineer ing  has 
improved cons iderably ,  however' 3 .  

I t  has been claimed 
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Stage  three, consequently,  has  been a pe r iod  of u n c e r t a i n t y ,  ques- 
t i o n i n g ,  and s lackening  of t h e  h e r e t o f o r e  very r a p i d  pace of growth. 
The l e v e l l i n g  o f f  of i t s  growth i s  a necessary  consequence of the  
19.8 p e r c e n t  p e r  y e a r  rate of i n c r e a s e  between f i s c a l  y e a r s  1 9 4 0  
and 1965 i n  t h e  f e d e r a l  budget fo r  R and D a c t i v i t i e s  and f ac i l i t i e s ,  
f o r  i f  t h i s  t rend  i s  p r o j e c t e d  t o  1980 one must conclude t h a t  b 
t h a t  t i m e  a l l  government expendi tures  would be made fo r  R and D . 
The n e c e s s i t y  for  long-range planning has been recognized by both  
t h e  government and t h e  s c i e n t i f i c  community7. 
t h a t  s u b s t a n t i a l  changes i n  t h e  func t ion ing  of t h e  s c i e n t i f i c  
community have r e s u l t e d  from government p o l i c i e s  and t h e  r a p i d  
e v o l u t i o n  of  technology. A high  level  of s c i e n t i f i c  s t r e n g t h  has  
been developed and t h e  problem now i s  n o t  crisis response b u t  e f f i -  
c i e n t  management of a g r e a t  n a t i o n a l  resource .  

x 
It is  recognized 

Stage f o u r  i s  approaching, and it should b r i n g  wi th  it a high degree 
of  n a t i o n a l  planning c h a r a c t e r i z e d  by an i n t e g r a t e d  n a t i o n a l  manpower 
po l i cy .  There are, of course ,  l i m i t a t i o n s  t o  t h e  scope of such a 
po l i cy .  "This i s  n o t  t o  sugges t  t h a t  the United S ta tes  must develop 
a conscious 'master s t r a t e g y '  f o r  manpower development and u t i l i z a -  
t i o n . . . t h e  main o b j e c t i v e  of any ' n a t i o n a l  manpower p o l i c y '  is  n o t  
t o  r e g u l a t e  b u t  ra ther  ene rg ize  t h e  a c t i v i t i e s  of thousands of 
decision-making o rgan iza t ions  by provid ing  them w i t h  in format ion ,  
too ls ,  and ideas  for  be t te r  assessment of t h e  t o t a l  impact of t h e i r  
d e c i s i o n s .  Never the less ,  t h e  e x i s t e n c e  of t h e  p o l i c y  must r a p i d l y  
become f ac t .  That e f f e c t i v e  educa t ion ,  i n  p a r t i c u l a r  h ighe r  tech-  
n i c a l  educat ion,  i s  an i n t e g r a l  p a r t  of such a p o l i c y ,  i s  obvious. 
The source of t r a i n e d  top - l eve l  t e c h n i c a l  manpower i s  t h e  e d u c a t i o n a l  
system, and t h e  q u a l i t y  and q u a n t i t y  of i t s  ou tpu t  are b a s i c  factors 
i n  management of t h e  manpower resource.  

The p l a n  i s  t o  u t i l i z e  the experience a t  MIT t o  g a i n  f u r t h e r  under- 
s t and ing  of t h e  postwar changes i n  s c i e n t i f i c  educa t ion  t h a t  are 
l ead ing  t o  evolu t ionary  stage four .  The model of change i n  M I T I S  
educa t iona l  p lans  has been d iv ided  i n t o  t h r e e  phases: i n p u t ,  
p rocess ing ,  and output .  This  work w i l l  i n t e g r a t e  wi th  t h e  f i n d i n g s  
i n  "P roduc t iv i ty ,  Education and Changes i n  the Labor and 
w i l l  therefore provide,  i n  sum, an a n a l y s i s  of the t o t a l  spectrum 
of educat ion.  

I n  a d d i t i o n  t o  t h e  changing role of educa t ion  i n  t h e  more techno- 
l o g i c a l l y  complex world created by R and D, research i n  stage (2) 
on t h e  impact of R and D has  been conducted i n  t he  fol lowing f o u r  
areas: (a )  economic growth and p r o d u c t i v i t y ;  (b) management a c t i v i t y  
and competi t ive p r a c t i c e s ;  (c) manpower requirements;  (d)  soc ie ta l  
changes. A n  example may h e l p  t o  i l l u s t r a t e  t h e  d i r e c t i o n  i n  which 
t h e  o t h e r  f a c e t s  of stage ( 2 )  are being i n v e s t i g a t e d .  Inc reases  i n  
man-hour p roduc t iv i ty  r e s u l t  f r o m  a number of  f o r c e s  such as economies 
of scale, competi t ive p r e s s u r e s ,  and educa t ion  of t h e  labor force. 
More e f f i c i e n t  processes  which r e s u l t  f r o m  R and D compose, there-  
fore, merely one of the variables which h e l p  t o  create p r o d u c t i v i t y  
improvements. A propos i t i on  of t h i s  r e sea rch  p r o j e c t  i s  t h a t  it is  
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i n c o r r e c t  t o  cons ide r  t echno log ica l  innovat ions  as t h e  only  impact 
of R and D. I n  t h e  case of nuclear-power gene ra t ing  equipment, 
f o r  example, t h e  c o n t r i b u t i o n  of n u c l e a r  power would n o t  merely be 
cons idered  by i tself  i n  t h e  research  des ign  of t h i s  p r o j e c t .  
power has  c r e a t e d  a competi t ive ba t t le  wi th  c o a l  t h a t  i s  l ead ing  
toward greater e f f i c i e n c y  i n  t h e  mining and t r a n s p o r t a t i o n  of  coal, 
Although n u c l e a r  energy i s  t echno log ica l ly  complex, it has l e d  t o  
such conceptua l ly  simple innovat ions as the  u n i t i z e d  t r a i n  for  t h e  
h a u l i n g  of coal. Ex t r a  high-voltage t ransmiss ion  of e lec t r ica l  
power i s  an innovat ion  coming f r o m  R and D which has  made p o s s i b l e  
t h e  l o c a t i o n  of power e l e c t r i c a l - g e n e r a t i n g  s t a t i o n s  r i g h t  a t  coal 
mines. 
as la rger  gene ra t ing  s t a t i o n s  can now economically t r a n s p o r t  power 
t o  t h e  f i n a l  consumer through EHV l i n e s .  

Nuclear 

I t  has  a lso led t o  t h e  advantages of economies of scale, 
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PUBLIC POLICY ASPECTS OF SPACE RESEARCH 

I n v e s t i g a t o r s :  R. C. Wood, E. Skoln ikof f ,  E. Bok, M. Mobius, 

Pro jec t  N o .  : DSR 9831 
D. Lerner 

I n t e r n a t i o n a l  Aspects of Space Research and Development 

F u r t h e r  r e v i s i o n  and refinement have been underway on t h e  d r a f t  
manuscr ipt ,  which focuses  on: (1) t h e  s c i e n t i f i c  and t echno log ica l  
a s p e c t s  of policy-naking i n  fore ign  a f f a i r s ,  and ( 2 )  t h e  oppor- 
t u n i t i e s  o f f e r e d  by sc i ence  and technology f o r  creative po l i cy  
i n i t i a t i v e s .  The expected da te  of  completion i s  March 31,  1965. 
I n  a d d i t i o n ,  a paper  e n t i t l e d  "The S c i e n t i f i c  and Technological 
Component i n  Policy-Making f o r  Foreign A f f a i r s , "  drawn l a r g e l y  
from t h e  m a t e r i a l  of t h i s  study, w i l l  be  d e l i v e r e d  a t  t h e  annual 
meeting of t h e  American Associat ion f o r  t h e  Advancement of Science 
i n  Montreal on December 26 ,  1 9 6 4 .  

The Research Process  

I n  t h e  l a s t  s i x  months, a genera l  s tudy  of sponsored r e sea rch  
a c t i v i t i e s  a t  MIT has been c a r r i e d  t o  t h e  a n a l y s i s  s t age .  T o t a l  
magnitudes of research  e f f o r t s  w i t h i n  t h e  va r ious  departments have 
been e s t a b l i s h e d  and r e l a t e d  through i n d i c e s  t o  educa t iona l  charac- 
t e r i s t i c  and v a r i a t i o n s  i n  t h e  a l l o c a t i o n  o f  t i m e  by s t a f f  members. 
Formal and informal  processes  of o r i g i n a t i o n  and a u t h o r i z a t i o n  of  
l a r g e  r e sea rch  p r o j e c t s  have been i d e n t i f i e d .  An ex tens ive  i n t e r -  
view p r o j e c t  w i th in  t h e  Physics Department has been completed, 
r e s u l t s  coded, and f i n a l  write-up underway. 

Taken t o g e t h e r ,  t h e s e  i n v e s t i g a t i o n s  are throwing cons ide rab le  
l i g h t  on t h e  impact of large mission-oriented suppor t  on r e sea rch  
choices  made by i n d i v i d u a l s  and groups working i n  an academic 
contex t .  They a l s o  have proved u s e f u l  i n  i d e n t i f y i n g  s y s t e m a t i c a l l y  
d i f f e r e n t  types  of academic r e sea rche r s  and t h e  r e l a t i o n  between 
t h e  c h a r a c t e r  of r e sea rch  and d i s c i p l i n e  involved and awareness 
of p u b l i c  po l i cy  impl i ca t ions .  A monograph r e p o r t i n g  i n i t i a l  
f i n d i n g s  i s  expected t o  be completed by February 1965. 

P u b l i c  Support  f o r  t h e  Space Program 

This  r e sea rch ,  w i th  emphasis on p a r t i c i p a t i o n  of e l i t e  groups and 
i n f l u e n t i a l s ,  i s  being a c t i v e l y  c a r r i e d  forward. Expected d a t e  of 
completion i s  February 1965. 
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The Telestar Leg i s l a t ion  

This  r e sea rch  on t h e  communication network i n  the  p o l i c y  p rocess  
t h a t  l e d  t o  t h e  Communication S a t e l l i t e  l e g i s l a t i o n  has  been 
completed. Copies of t h e  d i s s e r t a t i o n  are a v a i l a b l e .  

European S c i e n t i s t s  

A s tudy  is  underway a t  CERN exp lo r ing  d i f f e r e n t  p r o f e s s i o n a l  
behavior  p a t t e r n s  and social  backgrounds among d i f f e r e n t  na t ion-  
a l i t y  groups represented  among s c i e n t i s t s  there. The o b j e c t i v e s  
of t h i s  s tudy  a r e  t o  account fo r  observed v a r i a t i o n s  i n  performance 
and t o  explore  t h e  e f f e c t s  of i n t e r n a t i o n a l  c o l l a b o r a t i o n  on the  
p o l i t i c a l  and s o c i a l  out look of i n d i v i d u a l  s c i e n t i s t s .  Findings 
are t o  be compared wi th  s i m i l a r  s t u d i e s  now going on a t  EURATOM, 
a pane l  of d i s t i n g u i s h e d  European s c i e n t i s t s ,  and t h e  research 
process  p r o j e c t  a t  MIT. W e  expec t ,  therefore, t o  provide  a 
reliable comparative a n a l y s i s  of s c i e n t i f i c  work and t o  be a b l e  
t o  e s t a b l i s h  e m p i r i c a l l y  t h e  degree t o  which i n t e r n a t i o n a l  
s c i e n t i f i c  ventures  c o n t r i b u t e d  t o  t h e  emergence of common views 
and a t t i t u d e s .  
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RESEARCH I N  PSYCHOBIOLOGY 

I n v e s t i g a t o r s :  H. L. Teuber, R. H e l d  
Project  N o .  : DSR 9828 

During t h e  per iod under review, t h e  research e f f o r t s  of  t h e  MIT 
Psychological  Laboratories have cont inued t o  concern t h r e e  areas, 
v i z . ,  (1) b r a i n  and behavior ;  ( 2 )  pe rcep t ion  and l ea rn ing ;  and 
( 3 )  social-developmental  psychology ( i n c l u d i n g  p s y c h o l i n g u i s t i c s ) .  
Accordingly, p rogress  w i l l  be descr ibed ,  i n  t u r n ,  under each of 
t h e s e  t h r e e  headings,  a l though ove r l ap  among t h e  sectors w i l l  be 
apparent .  

The review w i l l  have t o  be selective; it is  n o t  in tended  t o  take 
t h e  p l a c e  of i n d i v i d u a l  p u b l i c a t i o n s  which i s s u e  from t h i s  program; 
these p u b l i c a t i o n s  are l i s t e d  a t  t h e  end. 

1. Brain and Behavior (Phys io log ica l  Psychology) 

A s  i n  t h e  p a s t ,  work i n  t h i s  area proceeds by way of s tudying  t h e  
a f t e r e f f e c t s  of e a r l y  o r  l a t e  b r a i n  i n j u r y  i n  man, and by exper i -  
mental  a n a l y s i s ,  i n  lower forms, of  behav io ra l  effects of cerebral 
a b l a t i o n  or  s t imu la t ion .  These s t u d i e s  are i n c r e a s i n g l y  supple- 
mented by e lectr ical  recording,  e.g., computer averaging of b r a i n  
p o t e n t i a l s  evoked by l i g h t  i n  man, and by record ing  wi th  macro- and 
microe lec t rodes  from the animal nervous system dur ing  pe rcep t ion  
and l ea rn ing .  S i m i l a r l y ,  work proceeds on chemical changes, observed 
on microscopic levels (by radioneurography) i n  t h e  b r a i n ,  du r ing  
va r ious  func t iona l  states, such as t h e  r e a r i n g  of animals i n  en r i ched  
environments, or under cond i t ions  of s p e c i a l  v i s u a l  or a u d i t o r y  
s t i m u l a t i o n  o r  of enforced exe rc i se .  F i n a l l y ,  w i th  t h e  a r r i v a l  of 
P ro fes so r  Walle Nauta, neuroanatomical s t u d i e s  are beginning wi th  
p a r t i c u l a r  r e fe rence  t o  t h e  limbic system i n  t h e  b r a i n ,  t h e  motor 
systems, and some of t h e  p o t e n t i a l  pathways for  pain.  

A f u r t h e r  event  of note  w a s  t h e  opening, dur ing  the  pe r iod  under 
review, of t h e  C l i n i c a l  Research Center  a t  MIT, j o i n t l y  ope ra t ed  by 
r e p r e s e n t a t i v e s  of the MIT Medical Department and t h e  Departments 
of N u t r i t i o n ,  E lec t r i ca l  Engineer ing,  and Psychology. This  new 
f a c i l i t y  has permi t ted  us r e c e n t l y  t o  extend our  tests of b ra in -  
i n j u r e d  ve te rans  and brain-damaged c h i l d r e n  t o  prolonged pe r iods  
of observa t ion  i n  a c o n t r o l l e d  environment where  these p a t i e n t s  can 
be h o s p i t a l i z e d  f o r  s e v e r a l  days o r  weeks.  

Among t h e  r ecen t  f i n d i n g s  r e s u l t i n g  f r o m  t h e s e  neuropsychologic 
s t u d i e s  are f u r t h e r  data on behav io ra l  effects of f r o n t a l - l o b e  
i n j u r i e s  i n  prev ious ly  hea l thy  a d u l t s  and new evidence f o r  i p s i l a t -  
e r a l  motor symptoms after u n i l a t e r a l  b r a i n  l e s i o n s ,  i n  analogy t o  
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earlier f i n d i n g s  from t h e s e  l a b o r a t o r i e s  of correspondingly i p s i -  
l a te ra l  sensory  d e f i c i t s .  Work with  b r a i n - i n j u r e d  c h i l d r e n  t ends  
t o  suppor t  t h e  view t h a t  e a r l y  i n j u r i e s  produce behav io ra l  conse- 
quences t h a t  are less f o c a l  than i n j u r i e s  s u s t a i n e d  l a t e r  i n  l i f e ,  
y e t  t h e  s p e c i a l i z a t i o n  of t h e  t w o  hemispheres--the l e f t  f o r  l i n g u i s -  
t i c ,  t h e  r i g h t  for  c e r t a i n  perceptual-motor skil ls--may w e l l  be 
p r e s e n t  b e f o r e  t h e  a c q u i s i t i o n  of language, s i n c e  l a t e r a l i z e d  i n j u r y  
of t h e  b r a i n  i n  t h e  new born a l ready  has d i f f e r e n t i a l  e f f e c t s  depend- 
i n g  on t h e  s i d e  of  the b r a i n  t h a t  i s  a f f e c t e d .  

Resu l t s  of a b l a t i o n  s t u d i e s  i n  subhuman forms have f u r t h e r  de f ined ,  
f o r  t h e  r a t ,  t hose  e f f e c t s  of l a rge  c o r t i c a l  d e s t r u c t i o n  which were 
p rev ious ly  cons idered  as due t o  i n t e r f e r e n c e  wi th  some h y p o t h e t i c a l  
m a s s  a c t i o n .  As it now t u r n s  out ,  a n t e r i o r  c o r t i c a l  les ions impair  
a l t e r n a t i o n ,  whi le  p o s t e r i o r  c o r t i c a l  l e s i o n s  impair  s p a t i a l  o r i e n t a -  
t i o n ;  l e s i o n s  l a r g e  enough t o  involve both a r e a s  produce combined 
e f f e c t s  which resemble mass a c t i o n  b u t  a r e  a c t u a l l y  d i s s o c i a b l e  
i n t o  t h e  two component symptoms j u s t  descr ibed .  Furthermore, medio- 
d o r s a l  thalamic l e s i o n s  i n  t h e  r a t ,  as  w e l l  as caudate  l e s i o n s ,  
impair  a l t e r n a t i o n  i n  a manner e s s e n t i a l l y  comparable t o  removal 
of f r o n t a l  co r t ex .  

I n  a more r e c e n t  ex tens ion  of these experiments,  performance on t a s k s  
invo lv ing  a c t i v e  and pass ive  avoidance was c o n t r a s t e d  f o r  ra ts  w i t h  
d i f f e r e n t  cortical  and s u b c o r t i c a l  l e s i o n s ;  a c t i v e  avoidance w a s  
found t o  be impaired a f t e r  caudate ,  o r  v e n t r a l  hippocampal les ions;  
p a s s i v e  avoidance a f t e r  d o r s a l  hippocampal d e s t r u c t i o n .  

Work on e l e c t r i c a l  s t i m u l a t i o n  of t h e  animal b r a i n  has  led  t o  f u r t h e r  
conf i rmat ion  of two oppos i t e  e f f e c t s ,  v i z . ,  impairment of l e a r n i n g  
a s  w e l l  as f a c i l i t a t i o n .  Impairment i s  being obta ined  on s t i m u l a t i o n  
of i n t r a l a m i n a r  tha lamic  n u c l e i  ( c a t s ,  r a t s ) ,  soon (1 -2  seconds) 
a f t e r  a v i s u a l  choice;  by c o n t r a s t ,  s t i m u l a t i o n  through t h e  same 
e l e c t r o d e  dur ing  a choice apparent ly  f a c i l i t a t e s  l e a r n i n g  of t h e  
v i s u a l  d i sc r imina t ion .  F a c i l i t a t i o n  of l e a r n i n g  has a l s o  been 
ob ta ined  q u i t e  r e c e n t l y  w i t h  b iphas ic  ( 3 0 0  cps)  c u r r e n t  s t i m u l a t i o n  
of p o s t e r i o r  c o r t e x ,  a maneuver which improved r e t e n t i o n  i n  r a t s  
af ter  s i n g l e  runs i n  an open-f ie ld  maze. 
e f f o r t s  a t  producing amnesia f o r  one t r i a l  i n  a maze, by a s i n g l e  
e l e c t r i c a l l y - i n d u c e d  convulsion ( E C S ) ,  i n  t h e  r a t  have been unsuc- 
c e s s f u l ,  i n d i c a t i n g  t h a t  e a r l i e r  r e s u l t s  from these l a b o r a t o r i e s  
w e r e  correct, v i z . ,  t h a t  i n t e r f e r e n c e  w i t h  r e t e n t i o n  of s i n g l e -  
t r i a l  l e a r n i n g  by ECS can t a k e  place only i f  t h e  t r ea tmen t  (ECS) 
fol lows t h e  t r i a l  e i ther  immediately, or a t  l e a s t  w i th in  less than 
1 0  seconds. 

On t h e  o t h e r  hand, repea ted  

Al toge the r ,  t h e s e  r e c e n t  experiments sugges t  t h a t  memory consol ida-  
t i o n  i s  a brief a f f a i r ,  r equ i r ing  a f e w  seconds o r  less, f o r  simple 
t a s k s ,  and t h a t  the  nonspec i f ic  thalamus and caudate  nucleus may 
p lay  impor tan t  roles i n  t h e  f i x a t i o n  of t h e  memory t r a c e .  



- 82 - 

Current  experiments involv ing  electrical  record ing  dur ing  percep- 
t i o n  and l ea rn ing  a r e  n o t  f a r  enough advanced t o  permi t  conclus ions ,  
bu t  t h e  l a b o r a t o r i e s  have ob ta ined  d e f i n i t e  evidence dur ing  t h e  l a s t  
s i x  months t h a t  u n i t s  i n  t h e  monkey's in fero tempora l  c o r t e x  a r e  
responsive t o  l i g h t ;  t h e s e  neurons are i n  t h e  reg ion  where des t ruc -  
t i o n  (or  r e v e r s i b l e  a b l a t i o n  by electrical  s t i m u l a t i o n )  l e a d s  t o  
drast ic  d e f i c i t  i n  v i s u a l  d i s c r i m i n a t i o n  l ea rn ing .  I n  c o n t r a s t  
t o  t h e s e  f ind ings  based on macroe lec t rodes ,  computer averaging of 
p h o t i c a l l y  evoked p o t e n t i a l s ,  i n  t h e  monkey, have n o t  y e t  been shown 
t o  be a f f e c t e d  by infero tempora l  a b l a t i o n ;  however, r e s e c t i o n  of 
one o c c i p i t a l  lobe  l eads  t o  a l t e r a t i o n s  i n  v i s u a l  evoked response,  
n o t  only on t h e  operated b u t  also on t h e  i n t a c t  s i d e .  

L a s t ,  b u t  n o t  l e a s t ,  t h e  pe r iod  under review has seen cons ide rab le  
ex tens ions  of neurochemical a n a l y s i s ,  e s p e c i a l l y  neuroradiography. 
I n j e c t i o n s  of t r i t i a t e d  l e u c i n e  and of t r i t i a t ed  thymidine have 
shown, r e s p e c t i v e l y ,  t h a t  r e a r i n g  of r a t s  i n  an ' 'enriched" environ-  
ment l e a d s  t o  marked i n c r e a s e s  i n  t h e  formation of c o r t i c a l  g l i a ,  
and concur ren t ly ,  t o  decreases  i n  p r o t e i n  formation. Fu r the r  uses  
of thymidine-H3 have aga in  revea led  t h a t  i n  t h e  r a t ,  n o t  only do 
g l i a  form p o s t n a t a l l y  b u t  t h a t  g ranule  cells  i n  t h e  hippocampus 
and elsewhere inco rpora t e  thymidine a f t e r  b i r t h .  Radioact ive 
l a b e l l i n g  of sex  hormones has  led  t o  t h e  conclusion t h a t  t h e  hippo- 
campus, i n  add i t ion  t o  t h e  hypothalamus, may be an a r e a  of t h e  r a t  
b r a i n  i n  which r a d i o - l a b e l l e d  es t radiol  is  taken  up. All of these 
s t u d i e s ,  and r e l a t e d  experiments i n  psychobiology, are being a c t i v e l y  
pursued. 

2 .  PercePt ion and Learnina 

I n  t h e  a r e a  of g e n e r a l  experimental  psychology, t h e  l a b o r a t o r i e s  
have continued t o  be concerned wi th  f u r t h e r  s t u d i e s  of rearrangement 
and disarrangement i n  r e l a t i o n s  between s t imu lus  i n p u t  and p e r c e i v e r ;  
wi th  problems of temporal f a c t o r s  i n  v i s u a l  func t ions ;  wi th  c o l o r  
and b r igh tness  percept ion ,  and wi th  ques t ions  of shor t - te rm memory 
a s  compared with long-term e f f e c t s .  

During t h e  l a s t  s i x  months, work cont inued on t h e  b a s i s  of s e n s o r i -  
motor coord ina t ion ,  w i th  s p e c i a l  emphasis on problems of adap ta t ion  
t o  prism-induced displacements  or  d i s t o r t i o n s  of v i s u a l  i n p u t .  The 
p r i n c i p a l  experiments included:  An a t tempt  a t  dec id ing  whether 
adap ta t ion  t o  v i s u a l  displacement (by prism-bearing goggles)  can 
be reduced t o  a mere s h i f t  i n  t h e  p o s i t i o n  of o n e ' s  limbs. 
f o r  v i sua l ly -p resen ted  targets has  been shown t o  improve r a p i d l y ,  
i f  t h e  person bea r ing  t h e  goggles  w a s  pe rmi t t ed  to view h i s  hand 
through t h e  goggles,  whi le  engaged i n  a c t i v e  (self-produced)  move- 
ments. Recent experiments from t h e s e  l a b o r a t o r i e s  show t h a t  t h i s  
s u c c e s s f u l  adapta t ion  is  s p e c i f i c  t o  v isua l ly-guided  reaching.  I f  
t h e  person i s  requ i r ed ,  i n s t e a d ,  t o  p o i n t  a t  t h e  s u b j e c t i v e  s t r a i g h t -  
ahead p o s i t i o n  wi thout  any v i s u a l  t a r g e t ,  no s h i f t  i n  d i r e c t i o n  of 
p o i n t i n g  is obtained. 

Reaching 
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I n  o t h e r  experiments i n  t h i s  s e r i e s ,  t h e  human sensorimotor  loop 
is  be ing  inf luenced  by in t roducing  va r ious  amounts of e x t e r n a l  
f o r c e  a g a i n s t  which t h e  pe rce ive r  has t o  move h i s  limbs dur ing  
a c t i v e  l o c a l i z i n g  movements. As a r e s u l t ,  cond i t ions  which produce 
vary ing  amounts of decay i n  coord ina t ion  can be spec i f i ed :  v a r i a b l e  
e x t e r n a l  f o r c e s  t end  t o  produce t h e  m o s t  conspicuous d e t e r i o r a t i o n  
i n  performance. 

I n  a t h i r d  class of experiments on rearrangement,  e f f o r t s  are made 
t o  d e f i n e  t h e  l e v e l  i n  t h e  nervous system a t  which adap ta t ion  t o  
d i s t u r b i n g  media t akes  place.  V e r t i c a l  s t r i p e s  moving along t h e  
h o r i z o n t a l  meridian of an obse rve r ' s  f i e l d  induce o p t o k i n e t i c  
nystagmus i n  t h e  h o r i z o n t a l  plane.  Following adaptat ior .  t o  goggles  
which i n i t i a l l y  induce a tilt of a l l  perceived v e r t i c a l s ,  v e r t i c a l  
l i n e s  are aga in  perceived as  up r igh t  a s  long a s  the  goggles a r e  
worn, and as t i l t e d  ( i n  t h e  oppos i t e  d i r e c t i o n )  immediately a f t e r  
t h e  goggles are removed. A s y s t e m  c o n s i s t i n g  of r o t a t a b l e  photo- 
e lectr ic  cells has  been cons t ruc ted  t o  monitor t h e  p lane  of opto- 
k i n e t i c  nystagmus. With t h i s  arrangement, it has been demonstrated 
t h a t  p e r c e p t u a l  adap ta t ion  t o  induced tilt of l i n e s  i s  n o t  accom- 
panied by corresponding s h i f t s  i n  t h e  p lane  of o p t o k i n e t i c  nystagmus. 

Taken t o g e t h e r ,  t h e s e  experiments on p e r c e p t u a l  adap ta t ion  begin 
t o  d e l i n e a t e  t h e  l i m i t i n g  condi t ions  for  sensorimotor  adjustment  
t o  extreme environments, inc luding  t h e  ques t ions  of  responses  t o  
vary ing  o r  absen t  g r a v i t y .  

I n  o t h e r  experiments on percept ion  and l e a r n i n g ,  i n t e n s i v e  s t u d i e s  
a r e  being made of phenomena involving short- term i n t e r a c t i o n  between 
success ive  v i s u a l  s t i m u l i  (e .g . ,  masking and metacont ras t )  , under 
cond i t ions  of success ive  s t imu la t ion  of one e y e ,  w i t h  varying i n t e r -  
p o l a t e d  i n t e r v a l s ,  o r  of both eyes,  w i t h  one eye r ece iv ing  t h e  
f i r s t  and t h e  o t h e r  t h e  l a te r  s t imulus .  I n  a d d i t i o n ,  there i s  
con t inu ing  work on b r igh tness  enhancement and c o l o r - e f f e c t s  f o r  
b r i e f  o r  repea ted  f l a s h e s  of monochromatic l i g h t s ,  and sys t ema t i c  
e x p l o r a t i o n  of t h e  color-space of normal human observers .  T h i s  
l a s t  experiment involves  ex tens ive  computer a n a l y s i s .  

Emerging from a l l  t h i s  work a r e  some g e n e r a l i z a t i o n s  about temporal 
f a c t o r s  i n  form pe rcep t ion ,  and, hope fu l ly ,  some dec i s ion  about  t h e  
r e l a t i v e  adequacy of a three- receptor  theory  of c o l o r  v i s i o n ,  a s  
a g a i n s t  t hose  t h e o r i e s  which invoke opponent processes .  

F i n a l l y ,  t h e r e  i s  cons iderable  experimentat ion involv ing  v e r b a l  
l e a r n i n g ,  w i th  p a r t i c u l a r  re ference  t o  phenomena of short-term 
memory f o r  numbers, let ters,  s y l l a b l e s ,  and tones.  A g e n e r a l  con- 
c l u s i o n  emerging from t h e s e  s t u d i e s  i s  t h a t  short- term memory i n  
man can b e s t  be descr ibed  by a simple a s s o c i a t i v e  theory  and t h a t  
t h e  l a w s  governing long-term memory can be found r e p l i c a t e d ,  one 
f o r  one, among t h e  phenomena of shor t - te rm recall .  



- 8 4  - 
( 

3 .  Social-Developmental Psychology ( i n c l u d i n g  Comparative and 
Psycho l ingu i s t i c  S tud ie s )  

I n  t h i s  t h i r d  area of major endeavor, w o r k  cont inues  t o  be concen- 
t r a t ed  on a series of s e l e c t e d  b u t  related i s s u e s  i n  comparative,  
development, and social  psychology. I n  comparative s t u d i e s ,  
stress is  l a i d  on t h e  emergence of c e r t a i n  behav io ra l  mechanisms 
a t  d i f f e r e n t  phylogenet ic  l e v e l s .  Thus, experimentat ion on problem- 
s o l v i n g  by t ree  shrews (Tupaia) cont inues ,  w i th  s p e c i a l  r e f e r e n c e  
t o  s i m i l a r i t i e s  and d i f f e r e n c e s  between t h i s  unusual form ( t r a n s i -  
t i o n a l  between i n s e c t i v o r e  and p r i m i t i v e  monkey) and o rd ina ry  
pr imates .  The Tupaia i n  t h e  departmen'tal colony have now been 
shown t o  master delayed response,  wi th  de l ays  up t o  8 seconds,  b u t  
t h e i r  performance i s  s u r p r i s i n g l y  uns tab le .  
p r e f r o n t a l  r e s e c t i o n  ( i n  one animal) , delayed response performance 
w a s  l o s t ,  as it is i n  real pr imates .  

Following b i l a t e r a l  

Extensive s t u d i e s  proceed on g o l d f i s h ,  wi th  p a r t i c u l a r  emphasis on 
t h e i r  capac i ty  f o r  a c t i v e  avoidance l e a r n i n g ,  and on v i s u a l  memory 
fo r  p a t t e r n s  presented  t o  one eye and t e s t e d  i n  t h e  o ther  (un t r a ined )  
eye a t  varying per iods  a f te rwards .  
g e n e r a l  r u l e s ,  determining when information can be t r a n s f e r r e d  f r o m  
eye t o  eye v i a  t h e  t ec ta l  commissural pathways and when it cannot  be 
t r a n s f e r r e d .  These cont inuing s t u d i e s  are supplemented by observa- 
t i o n s  on t h e  s u r p r i s i n g  l i m i t a t i o n s  of i n t r a r e t i n a l  t r a n s f e r  of 
v i s u a l  information i n  t h i s  s p e c i e s ,  and by more r e c e n t  experiments 
on e f f e c t s  of commisslral s e c t i o n  on t r a n s f e r ,  and on effects of cool- 
i n g  of one or t h e  other o p t i c  lobe on r e t e n t i o n  and recal l .  

O t h e r  comparative psychological  experiments d e a l  w i t h  " c u r i o s i t y "  
i n  hamsters:  These rodents  show a l l e y  running f o r  t h e  sole "rewardt' 
of experiencing a novel object; m o r e  r e c e n t  obse rva t ions  sugges t  
t h a t  f a m i l i a r i t y  w i t h  objects ( loss  of t h e  "novel ty"  effect)  might  
be demonstrable a f t e r  i n t e r v a l s  of several months. 

There i s  t h e  promise of more 

Work on problems of e a r l y  development has dealt  w i t h  t h e  o r i g i n  and 
maintenance of v i s u a l  pe rcep t ion  and visuomotor coord ina t ion  i n  very 
young k i t t e n s ;  i n  man, developmental s t u d i e s  have been concerned w i t h  
i n f a n t s  reared under cond i t ions  amounting t o  severe d e p r i v a t i o n  ( i n  
an orphanage),  and under varying cond i t ions  of environmental  enr ich-  
ment. 

The work on newborn k i t t e n s  cont inues  t o  i n q u i r e  i n t o  t h e  p o s s i b i l i t y  
t h a t  t h e  pe rcep tua l  d e f i c i t  of animals reared under sensory depriva-  
t i o n  (e.g.  , without  "pa t te rned"  v i s u a l  s t i m u l a t i o n )  may be understood 
i n  terms of t h e  s a m e  factors which w e r e  found t o  be c r u c i a l  i n  adap- 
t a t i o n  of human a d u l t s  t o  prism-induced rearrangement of v i s u a l  
i npu t .  Adaptation t o  such pr isms,  i n  man, had been shown t o  be 
promoted by a c t i v e  movement of t h e  p e r c e i v e r ,  i n  a v i s u a l l y  pat-  
t e r n e d  environment. Pass ive  motion of contours  across t h e  eyes 
had l i t t l e  or no effect. 
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Analogous experiments wi th  v e r y  young k i t t e n s  demonstrated t h a t  
exposure t o  v i s u a l  p a t t e r n s  was a p r e r e q u i s i t e  of normal p e r c e p t u a l  
development; pu re ly  pas s ive  t r a n s p o r t a t i o n  of t h e  k i t t e n s  i n  a 
p a t t e r n e d  surrounding r e s u l t e d  i n  animals who f a i l e d  t o  e x h i b i t  
v i s u a l l y  guided contac t -p lac ing ,  had no b l i n k  r e f l e x  t o  approaching 
o b j e c t s ,  and performed randomly i n  response t o  apparent  depth  on a 
" v i s u a l  c l i f f .  'I 

During t h e  pe r iod  he re  reviewed, experiments w e r e  undertaken t o  
f u r t h e r  d e f i n e  t h e s e  dep r iva t ion  e f f e c t s .  Does pu re ly  pas s ive  
exposure c o n s t i t u t e  a p o s i t i v e  hindrance of normal g e r c e p t u a l  develop- 
ment? O r  does pas s ive  motion, on t h e  c o n t r a r y ,  provide some l i m i t e d  
b u t  u s e f u l  p e r c e p t u a l  experience which could be manifested i n  t h e  
form of sav ings  scores on subsequent t r a i n i n g ?  

Resu l t s  showed t h a t  pas s ive  experience preceding a c t i v e  motion w i l l  
n e i t h e r  accelerate nor  r e t a r d  t h e  subsequent a c q u i s i t i o n  of t h e  
t h r e e  v i s u a l - s p a t i a l  s k i l l s ,  v i z . ,  paw p lac ing ,  b l i n k  responses ,  
and r e a c t i o n s  t o  t h e  v i s u a l  c l i f f .  When k i t t e n s  w e r e  r ea red  i n  
ho lde r s  pe rmi t t i ng  a c t i v e  head movements, b u t  n o t  locomotion involv- 
i n g  t h e i r  whole body, they were found t o  show normal paw p l a c i n g  
and normal b l i n k  responses  under v i s u a l  c o n t r o l ,  b u t  a c t e d  randomly 
on t h e  v i s u a l  c l i f f ,  a s  though their  sensorimotor  development was 
s p e c i f i c a l l y  l i m i t e d  by t h e  experiences provided dur ing  r e a r i n g .  

I n  r e c e n t  work wi th  human i n f a n t s ,  a s i m i l a r l y  c r u c i a l  and s p e c i f i c  
role of e a r l y  exper ience  i s  being observed: Sensorimotor develop- 
ment has  been c h a r t e d  from b i r t h  i n  orphanage-reared c h i l d r e n ,  who 
grow up wi th  minimal handl ing and i n  uniform v i s u a l  surroundings.  
These i n f a n t s  a r e  g r e a t l y  r e t a rded  i n  visuomotor s k i l l s  and o t h e r  
a s p e c t s  of coord ina t ion .  However, t h e i r  development can be normalized 
or  even a c c e l e r a t e d  by graded enrichment of cond i t ions  of r e a r i n g  
such as minimal a d d i t i o n a l  handl ing of  t h e  i n f a n t  dur ing  t h e  f i r s t  
two months of l i f e ,  or t h e  providing of mobile t o y s  p laced  overhead, 
o r  on t h e  s i d e s  of t h e  c r i b .  

Add i t iona l  normative s t u d i e s  dea l  wi th  t h e  emergence of t h e  g ra sp  
ref lex of hand and f o o t  i n  normal i n f a n t s ,  and wi th  t h e  development 
of accommodation, convergence, and b l i n k  r e f l e x e s  dur ing  t h e  f irst  
few months of l i f e .  Speech development i n  environmental ly  deprived 
and r e t a r d e d  c h i l d r e n ,  w i t h  e a r l y  b r a i n  damage, i s  being observed 
dur ing  prolonged pe r iods  of care  a t  t h e  MIT C l i n i c a l  Research Center 
where s e v e r a l  p rev ious ly  speechless  c h i l d r e n  of t h i s  type  a r e  now 
found t o  speak af ter  r e l a t i v e l y  s h o r t  pe r iods  (1-3 weeks) of hos- 
p i t a l i z a t i o n  i n  t h i s  s p e c i a l  environment. 

Other c u r r e n t  p s y c h o l i n g u i s t i c  experiments i n  normals cont inue  t o  
e x p l o i t  t h e  phenomenon of s u b j e c t i v e  displacement of c l icks  heard 
through one ear,  w h i l e  a sentence i s  presented  t o  t h e  o t h e r  e a r .  W e  
now have d e f i n i t e  proof t h a t  t h i s  displacement of the c l ick  (towards 
t h e  n e a r e s t  s y n t a c t i c  junc t ion  p o i n t )  does depend on s y n t a c t i c  
s t r u c t u r e  and t h a t  t h e  s t r i k i n g  d i f f e r e n c e s  between r i g h t  and l e f t  
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ears of normal l i s t e n e r s  (effects desc r ibed  i n  prev ious  r e p o r t s )  are 
abol i shed  when a sen tence  is  decomposed i n t o  a random l is t  of  com-  
ponent words. The technique lends  i t s e l f  t o  t h e  s tudy  of language 
l e a r n i n g  i n  young c h i l d r e n  and t o  a n a l y s i s  of t h e i r  g r a s p  of s y n t a c t i c  
s t r u c t u r e s .  

L a s t l y ,  work cont inues i n t e n s i v e l y  on t h e  problem of a c q u i s i t i o n  of 
va lues  by ch i ld ren  and on t h e  role of pee r s  as sources  of social  
in f luence .  I n t r i g u i n g  age d i f f e r e n c e s  emerge showing t h a t  e f f e c t s  
of social  in f luence  tend  t o  c a r r y  over  more markedly from one test  
s i t u a t i o n  t o  another  i n  o l d e r  c h i l d r e n  than  i n  younger c h i l d r e n ,  and 
t h a t  f a i r l y  c o n s i s t e n t  d i f f e r e n c e s  appear i n  t h i s  r e s p e c t  between 
boys and g i r l s  when age i s  c o n t r o l l e d .  
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INFORMATION TRANSFER I N  PREBIOLOGICAL ENVIRONMENTS 
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Among t h e  m o s t  important  chemical r e a c t i o n s  necessary  f o r  t h e  
emergence o f  l i f e  on t h i s  p l a n e t  w e r e  t h e  development of polymer 
molecules which were capable  of i n t e r a c t i n g  w i t h  o t h e r  s p e c i e s  of  
polymer molecules i n  such a way t h a t  t h e i r  sequence of monomer 
r e s idues  w a s  s p e c i f i c .  Chemical systems of t h i s  type  have given 
rise t o  t h e  polynucleot ide molecules which are r e spons ib l e  f o r  
ca r ry ing  g e n e t i c  information and which have b u i l t  i n t o  t h e i r  
molecular  s t r u c t u r e  t h e  complementarity necessary  f o r  macromolec- 
u l a r  r e p l i c a t i o n .  As p a r t  of our  g e n e r a l  p r o j e c t  of explor ing  
in fo rma t ion - t r ans fe r r ing  mechanisms, w e  are i n t e r e s t e d  i n  explor-  
i ng  ways i n  which t h e  information t r a n s f e r  may be c a r r i e d  o u t  i n  
environments which d i f f e r  f r o m  t h a t  which i s  c u r r e n t l y  found i n  
b i o l o g i c a l  s y s t e m s .  Some of t h e s e  environments may be closer t o  
t h a t  which e x i s t e d  i n  t h e  v a r i e d  chemical environments which 
occurred  i n  t h e  e a r l y  h i s t o r y  of t h i s  p l a n e t .  

I n  t h i s  p a r t i c u l a r  s tudy ,  po lynucleo t ide  molecules w e r e  used which 
are s i m i l a r  bu t  n o t  i d e n t i c a l  t o  those  found ca r ry ing  g e n e t i c  
information i n  contemporary b i o l o g i c a l  systems. Some t i m e  ago, w e  
w e r e  ab l e  t o  show t h a t  po ly inos in i c  a c i d  and p o l y c y t i d y l i c  a c i d  
both combine together t o  form a 1:l h e l i c a l  complex i n  which t h e  
pur ine  and pyrimidine bases  are hydrogen bonded together i n  a 
s p e c i f i c  manner. The form of t h i s  hydrogen bonding a t  n e u t r a l  pH 
i s  i d e n t i c a l  t o  t h a t  which i s  seen i n  t h e  hydrogen bonding between 
pu r ine  and pyrimidine r e s i d u e s  i n  DNA, t h e  major carrier of g e n e t i c  
information.  I n  t h i s  i n v e s t i g a t i o n ,  w e  s t u d i e d  t h e  e f f e c t  of an 
a l t e r a t i o n  i n  t h e  hydrogen i o n  ccncen t r a t ion  on t h e  s t a b i l i t y  of 
t h i s  molecule. When t h e  pH of t h e  solut . ion i s  lowered,. t h i s  double- 
s t r anded  h e l i c a l  molecule breaks up and t h e  t w o  s t r a n d s  are sepa- 
r a t e d  from each o ther .  Thus, a t  a pH of approximately 5 ,  t h e  
polynucleo t ide  h e l i c e s  are no longer  hydrogen bonding wi th  each 
o t h e r  i n  a s p e c i f i c  manner and accordingly,  t h e s e  molecules could 
n o t  serve as a basis  for  information t r a n s f e r  and molecular  r e p l i -  
ca t ion .  However, on r a i s i n g  t h e  pro ton  concen t r a t ion  t o  pH 4 ,  it 
w a s  found t h a t  a new polynucleo t ide  h e l i x  formed involv ing  proton- 
a t e d  p o l y c y t i d y l i c  acid combined wi th  p o l y i n o s i n i c  ac id .  I n  t h i s  
newer polynucleo t ide  h e l i x ,  t h e  pur ine  and pyrimidine r e s i d u e s  are 
hydrogen bonded t o  each o t h e r  i n  a s p e c i f i c  manner b u t  they  no longer  
form t h e  same s t r u c t u r e  which i s  found i n  t h e  n a t u r a l l y  occur r ing  
DNA molecule. 

The s i g n i f i c a n c e  of  t h i s  observa t ion  i s  t h a t  it i s  p o s s i b l e  f o r  
po lynucleo t ide  molecules t o  form complementary h e l i c a l  complexes 
wi th  each other under a v a r i e t y  of cond i t ions ,  n o t  on ly  those  which 
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are found i n  contemporary b i log ica l  organisms b u t  a l s o  under condi- 
t i o n s  which are f a r  removed from them chemically.  

References 

Giannoni, G. and A. Rich: A Polynucleot ide Hel ix  Containing 
Pro tona ted  P o l y c y t i d y l i c  A c i d  and Po ly inos in i c  Acid, Biopolymers 
- 2 ( i n  p r e s s ) .  



- 92 - 

SELECTION OF MICROBIAL MUTANTS I N  CLOSED SYSTEMS 
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Growth on Mult iple  Limit ing S u b s t r a t e s  

A s  r epor t ed  previously,  w i th  Pseudomonas f luo rescens  complete 
u t i l i z a t i o n  of glucose and f r u c t o s e  when f e d  s imultaneously i n t o  
a continuous c u l t u r e  can be achieved provided t h e  growth ra te  i s  
below about 0 .27  hr - l .  Above t h i s  growth ra te ,  t h e  f r u c t o s e  i s  
n o t  u t i l i z e d .  With Esche r i ch ia  c o l i ,  q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  
w e r e  ob ta ined ,  t h e  breakpoin t  occu r r ing  a t  0 .60  hr'l. 
Saccharomyces c e r e v i s i a e ,  however, a d i f f e r e n t  p a t t e r n  w a s  observed. 
Even a t  very l o w  growth rates,  below 0 . 1  h r - l ,  t h e r e  w a s  a s i g n i -  
f i c a n t  amount of unconsumed f ruc tose .  The g lucose  concen t r a t ion  
rose r a p i d l y  a s  t h e  growth ra te  inc reased ,  and t h e  f r u c t o s e  con- 
c e n t r a t i o n  was always cons iderably  h ighe r  t han  t h a t  of t h e  glucose.  

W i t h  t h e  y e a s t  

The work is  being cont inued i n  an e f f o r t  t o  determine t h e  e x t e n t  
t o  which catabolite r ep res s ion  and i n h i b i t i o n  or  competi t ion are 
r e spons ib l e  f o r  t h e  phenomena observed. 

Tryptophan Pathway Mutants 

The a t tempt  t o  secu re  a mutant derepressed  i n  t h e  enzymes between 
a n t h r a n i l i c  acid and t ryptophan by cont inuous c u l t u r e  on l i m i t i n g  
a n t h r a n i l i c  ac id  f a i l e d  because t h e  p a r e n t  organism, an a n t h r a n i l i c  
ac id- requi r ing  mutant reverted s u f f i c i e n t l y  f r e q u e n t l y  so  t h a t  
p ro to t rophs  accumulated, r a t h e r  than  than  t h e  desired derepressed  
organisms. The  experiments have been d iscont inued .  

Dynamic Response of Continuous Cul ture  

These experiments,  designed t o  c h a r a c t e r i z e  t h e  dynamic response of 
a s t eady  s t a t e  continuous c u l t u r e ,  cont inue.  Escher ich ia  c o l i  i s  
t h e  organism u s e d ,  and t h e  d i s tu rbance  in t roduced  has been an i n c r e a s e  
i n  d i l u t i o n  r a t e  r e s u l t i n g  i n  a response of i n c r e a s i n g  growth rate.  
The t i m e  course of t h i s  response has  been ob ta ined  by numerical  
d i f f e r e n t i a t i o n  of a record of concen t r a t ion  of l i m i t i n g  n u t r i e n t  
versus  t i m e .  The r e s u l t s  i n d i c a t e  t h a t  t h e  cells  i n c r e a s e  t h e i r  
growth rate immediately by about 0 . 2  h r - l ,  which i s  followed by a 
s l o w  i n c r e a s e  wi th  a t i m e  cons t an t  of t h e  order of  60  minutes. 
Thus, if t h e  d is turbance  i s  s m a l l  ( a  d i l u t i o n  ra te  change of less 
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than  0.2 hr - l )  t h e  c u l t u r e  immediately a d j u s t s  t o  t h e  new s t eady  
s ta te ,  whi le  i f  it i s  larger a lag  followed by an overshoot  i n  
growth ra te  r e s u l t s .  
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An amino a c i d  au toanalyzer  and a heavy-water appara tus  f o r  t o t a l  
body w a t e r  s t u d i e s  have been purchased and a r e  being s tandard ized .  
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EFFECTS O F  REPEATED ISOMETRIC MUSCULAR EXERCISE AS A MEANS 

OF PRESERVING MUSCLE MASS DURING PROLONGED CONFINEMENT, 

ON PROTEIN AND AMINO ACID REQUIREMENTS 

I n v e s t i g a t o r :  J. B. D a s  
P r o j e c t  No.:  DSR 9834 

During t h e  p a s t  summer, a 66-day r e l a t e d  s tudy  was sponsored by 
t h e  U. S. Army Medical Research and Development Command. The 
d i e t s  suppl ied  e i t h e r  (1) 35 ca lo r i e s /kg  body weight/day or ( 2 )  
50 calories/kg body weight/day, and conta ined  0.8 gm p ro te in /kg  
body weight/day, wi th  t w o  hours  d a i l y  of s t renuous  p h y s i c a l  work 
on a t r e a d m i l l  f o r  44  days. The 50-ca lor ies  group showed a sma l l  
t r a n s i e n t  loss dur ing  t h e  work phase on ly ,  and t h e  n e t  weight 
change was p o s i t i v e .  The 35-ca lor ies  group l o s t  weight throughout.  
Nitrogen balance changes a r e  s t i l l  be ing  analyzed. 

On t h e  b a s i s  of t h i s  exper ience ,  t h e  t i t l e  and p l a n  of t h e  p r e s e n t  
s tudy  has  been changed. The immediate o b j e c t i v e  i s  t o  q u a n t i f y  
t h e  e f f e c t i v e n e s s  of s t a t i c  work i n  t h e  maintenance of muscle mass 
and s t r e n g t h ,  whi le  consuming an adequate l i q u i d  d i e t  dur ing  pro- 
longed per iods  s imula t ing  r e s t r i c t i o n  i n  a space veh ic l e ;  and t h e  
long-term o b j e c t i v e  i s  t o  determine t h e  e f f e c t  of such exercise 
on p r o t e i n  needs and t h e  propor t ion  of e s s e n t i a l  amino a c i d s  
requi red .  

Since t h e  study e n t a i l s  cons iderable  r e s t r i c t i o n  of t h e  a c t i v i t i e s  
of t h e  s u b j e c t s ,  i t  had t o  be de fe r r ed  u n t i l  t h e  opening of t h e  
C l i n i c a l  Research C e n t e r .  Highly motivated Mennonite vo lun tee r s  
have been promised, and t h e  p r o j e c t  w i l l  begin i n  e a r l y  1965. 
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ENZYMATIC SYSTEMS INVOLVED I N  NITROGEN FIXATION BY MICROORGANISMS 

I n v e s t i g a t o r s :  J. M. Buchanan, R. L a t t r e l l ,  K. Taylor  
Project No.: DSR 9949 

As i n d i c a t e d  i n  t h e  o r i g i n a l  proposa l ,  work i n  t h i s  p r o j e c t  involves  
t h e  microorganism Clos t r id ium pasteuerianum. E x t r a c t s  of t h i s  
organism had been s e p a r a t e d  i n t o  two p a r t s ,  whose recombination w a s  
necessary  f o r  n i t rogen  f i x a t i o n .  A h e a t - s t a b l e  f r a c t i o n  c a t a b o l i z e s  
pyruvate ,  t h e  e l e c t r o n  donor, and forms an in t e rmed ia t e  compound o r  
compounds, which suppor t  n i t rogen  f i x a t i o n  when added t o  t h e  second 
f r a c t i o n .  The second f r a c t i o n  is  a supe rna tan t  a f t e r  adso rb t ion  
wi th  calcium phosphate and presumably con ta ins  t h e  enzyme a t t a c k i n g  
molecular  n i t rogen ,  n i t rogenase .  I t  i s  o u r  i n t e n t i o n  t o  i s o l a t e  
and i d e n t i f y  t h e  necessary  components of each of t h e s e  f r a c t i o n s .  

Since t h e  a c t i v i t y  of t h e  h e a t - s t a b l e  f r a c t i o n  i s  very l a b i l e  t o  
a i r ,  it has been necessary t o  develop techniques  f o r  i ts  anaerobic  
handl ing  and a n a l y s i s .  
t r a n s f e r ,  c e n t r i f u g a t i o n  and column chromatography, Using t h e s e  
techniques  it has been p o s s i b l e  t o  s e p a r a t e  components of h igh  
molecular  weight,  presumably enzymes, from those  of  l o w  molecular 
weight ,  c o f a c t o r s .  

Two c o f a c t o r s  have been i d e n t i f i e d  and commercial p r e p a r a t i o n s  have 
been s u b s t i t u t e d  f o r  those  i s o l a t e d  from t h e  h e a t - s t a b l e  f r a c t i o n .  
Coenzyme A i s  necessary f o r  t h e  ca tabol i sm of pyruvate  i n  t h e  pres -  
ence of t h e  enzymes, There is evidence t h a t  f l a v i n e  adenine dinu- 
c l e o t i d e  i s  necessary f o r  n i t rogen  f i x a t i o n  i n  t h e  presence of t h e  
enzymes of t h e  h e a t - s t a b l e  f r a c t i o n  and n i t rogenase .  Recent evidence 
i n d i c a t e s  t h a t  o t h e r  c o f a c t o r s  a r e  also necessary  f o r  n i t rogen  f i x a -  
t i o n .  The a t tempt  t o  i d e n t i f y  t h e s e  i s  going on p r e s e n t l y .  

Among those developed have been anaerobic  

* 

Concurrent ly  t h e  p u r i f i c a t i o n  of n i t rogenase  has  been attempted a s  
a p r e r e q u i s i t e  t o  s t u d i e s  on t h e  mechanism of r e a c t i o n  of t h e  n i t rogen  
molecule. S ince  t h e  a c t i v i t y  of n i t rogenase  s lowly dec reases  upon 
exposure t o  a i r ,  t h e  anaerobic  techniques  mentioned p rev ious ly  a r e  
used f o r  i t s  handl ing and p u r i f i c a t i o n .  

It has  been e s t a b l i s h e d  t h a t  t h e  a c t i v i t y  i s  a s s o c i a t e d  wi th  a l a r g e  
molecular  weight f r a c t i o n ,  which i s  probably p r o t e i n .  The t i m e  
course  of t h e  r e a c t i o n  and t h e  response t o  concen t r a t ion  of enzyme 
are i d e n t i c a l  t o  those  expected f o r  enzymatic r e a c t i o n s  i n  gene ra l .  

Attempts by some of t h e  usua l  techniques of enzyme p u r i f i c a t i o n  have 
r e s u l t e d  i n  cons ide rab le  l o s s  of a c t i v i t y .  Attempts a t  p r e c i p i t a t i o n  
by i o n i c  s t r e n b t h  and by organic  s o l v e n t s  w e r e  made wi th  d iscouraging  



. 

r e s u l t s .  However, some p u r i f i c a t i o n  
chromatography on calcium phosphate. 
methods are c u r r e n t l y  being t r i e d .  

i 
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has  been achieved by column 
Addi t iona l  p u r i f i c a t i o n  
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DEVELOPMENT O F  A SYNTHETIC DIET FOR 

NUTRITION AND METABOLISM EXPERIMENTS 

I n v e s t i g a t o r s :  A. E. Harper, S. A. M i l l e r  
P r o j e c t  N o .  : DSR 9950 

The composition of t h e  diets  used i n  s t u d i e s  of n u t r i t i o n a l  
requirements  and of factors  in f luenc ing  metabolic processes  
must be known wi th  g r e a t  accuracy. Highly p u r i f i e d  d i e t s  have 
been developed fo r  such s t u d i e s ,  b u t  even t h e s e  con ta in  n a t u r a l l y  
occur r ing  p r o t e i n s  and carbohydrates  and usua l ly  commercial f a t s  . 
These m a t e r i a l s ,  which r ep resen t  the  major components of h igh ly  
p u r i f i e d  diets,  conta in  impur i t i e s ,  some of which can i n f l u e n c e  
t h e  response of an experimental  s u b j e c t  o r  t h e  a n a l y t i c a l  r e s u l t s  
ob ta ined  i n  an experiment. The o b j e c t i v e  of t h i s  p r o j e c t  is  t o  
determine t h e  f e a s i b i l i t y  of  s u b s t i t u t i n g  s y n t h e t i c  components 
for  p u r i f i e d  n a t u r a l  materials. 

I n  prev ious  work on t h i s  problem, mixtures  of c r y s t a l l i n e  amino 
acids have been s u b s t i t u t e d  for  d i e t a r y  p r o t e i n s  and a combination 
of amino acids has  been devised t h a t  w i l l  suppor t  h igh-qual i ty  
p r o t e i n s .  S y n t h e t i c  materials capable of s e r v i n g  as d i e t a r y  
energy sources  have also been s tudied .  Two s y n t h e t i c  products  
have been synthes ized  which can s e r v e  as energy sources  f o r  exper- 
imen ta l  animals wi thout  causing d e l e t e r i o u s  e f f e c t s .  These 
compounds can be s u b s t i t u t e d  f o r  carbohydrate  i n  h igh- fa t  d i e t s ,  
t hus  making p o s s i b l e  t h e  p repa ra t ion  of d i e t s  of high calor ic  
d e n s i t y  con ta in ing  no crude carbohydrate.  The s u b s t i t u t i o n  o f  
amino a c i d  mixtures  f o r  p r o t e i n ,  of s y n t h e t i c  products  f o r  carbo- 
hydra te ,  and t h e  a v a i l a b i l i t y  of s y n t h e t i c  f a t s  now b r i n g s  w i t h i n  
reach t h e  p o s s i b i l i t y  of developing a d i e t  c o n s i s t i n g  wholly of 
s y n t h e t i c  components. 

W e  p l a n  t o  extend o u r  c u r r e n t  s t u d i e s  of  amino a c i d  mixtures  and 
s y n t h e t i c  sources  of d i e t a r y  energy i n  an e f f o r t  t o  develop a 
d i e t  t h a t  approaches closer t o  being completely s y n t h e t i c  than  any 
so f a r  devised. I f  t h i s  proves s u c c e s s f u l  i n  growth and perforn-  
ance s t u d i e s  w i t h  s m a l l  experimental  animals ,  t h e  p r o j e c t  may be 
expanded t o  inc lude  human metabolism s t u d i e s .  

Completely s y n t h e t i c  d i e t s  a r e  u n l i k e l y  t o  provide t h e  s o l u t i o n  
f o r  p r a c t i c a l  feeding  problems; neve r the l e s s ,  they  w i l l  be va luab le  
i n  experimental  s t u d i e s  of the  e f f e c t s  of environmental  changes on 
n u t r i e n t  needs and on metabol ic  processes .  



- 98 - 

PRODUCTION OF EDIBLE PROTEIN OF MICROBIAL O R I G I N  

Inves t iga to r s :  S. Tannenbaum, R. Mateles 

Project No . :  DSR 9951 

This research p r o j e c t  i s  designed t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  
of use of microorganisms, p a r t i c u l a r l y  b a c t e r i a ,  as a source of 
p r o t e i n  f o r  man i n  long-term space missions.  I n i t i a l  work i s  being 
c a r r i e d  o u t  on vege ta t ive  cells  of B a c i l l u s  megaterium which i s  
being used mere ly  t o  se rve  as a model system. The short-term 
o b j e c t i v e s  of t h i s  program a r e  t o  determine on a s m a l l  scale t h e  
proximate composition of t hese  cells ,  and t h e  var ious  methods of 
processing t h a t  would be s u i t a b l e  f o r  t h e  i s o l a t i o n  of var ious  c e l l  
components a s  e d i b l e  ma te r i a l .  The s p e c i f i c  a r e a s  of i n v e s t i g a t i o n  
inc lude  : 

1. Inves t iga t ion  of y i e l d s  of u t i l i z a b l e  p r o t e i n  a v a i l a b l e  
from Bac i l lu s  megaterium under optimum condi t ions  of c u l t u r e .  

2. Development of methods for  the  e x t r a c t i o n  and p repa ra t ion  
of t h i s  p ro te in .  These procedures w i l l  be designed t o  e l i m i -  
n a t e  non-digest ible  and/or non-metabolizable and/or t o x i c  
ma te r i a l s  i n  such a manner t h a t  a high q u a l i t y  e d i b l e  product  
i s  produced. 

3. Charac te r iza t ion  of t h e  major non-protein n i t rogen  
components of B a c i l l u s  megaterium t o  enable  the development 
of techniques f o r  t h e  s e l e c t i v e  removal of non-u t i l i zab le  
compounds. 

4.  Assessment i n  v i t r o  of t h e  amino a c i d  composition and 
a v a i l a b i l i t y  frG any i s o l a t e d  p r o t e i n  prepara t ion .  

Work t o  d a t e  has  centered  mainly on refinement of techniques f o r  
growing cells t o  an optimum concent ra t ion  i n  2 0 - l i t e r  ba tches ,  
recovery of t h e  cells ,  and determinat ion of  t h e  proximate compo- 
s i t i o n  of t h e  whole cell .  Thus f a r  s t u d i e s  have included: 

1. Growth rates f o r  Bac i l lu s  megaterium i n  a g lucose - sa l t  
medium. 

2. C e l l  recovery by continuous cen t r i fuga t ion .  

3. Comparison of crude p r o t e i n  y i e l d  as determined by 
B i u r e t  and Kjeldahl  procedures. 
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Work has  also been i n i t i a t e d  t o  compare v a r i o u s  methods o f  cel l  
d e s t r u c t i o n  i n  terms of t h e i r  u l t i m a t e  e f f e c t  on p r o t e i n  y i e l d .  
These methods inc lude :  t o t a l  c e l l  l y s i s  by lysozme or  p e n i c i l l i n ,  
p roduc t ion  of p r o t o p l a s t s  w i t h  lysozyme, and ce l l  f ragmentat ion 
by s o n i c a t i o n  or  mechanical  s h e a r i n g  (French p r e s s ) .  



- 100 - 

The cha rac t e r  of t h e  research  i s  such t h a t  s e v e r a l  of t h e  groups 
combine t h e  effor ts  of ind iv idua l s  r ep resen t ing  d i f f e r e n t  d i s c i p l i n e s ,  
and there are i n t e r a c t i o n s  between groups a s  a r e s u l t  of both over- 
lapping i n t e r e s t s  and of dependence on r e l a t e d  mathematics o r  on 

I s imi la r  experimental  techniques.  

COMMUNICATION SCIENCES RESEARCH 

Inves t iga to r :  H.  J. Zimmerman 
Project N o . :  DSR 9829 

This g r a n t  provides p a r t i a l  support  of t h e  research  being conducted 
i n  t h e  communication sc i ences  by t h e  Research Laboratory of E l e c -  
t r o n i c s .  Additional suppor t  i s  provided by t h e  Nat ional  Science 

j l e c t r o n i c s  Program (Army, Navy, A i r  Force). 

The program f o r  the coming year  i s  a cont inua t ion  of on-going b a s i c  
research i n  t h e  var ious  a spec t s  of communication sciences. The 
research  seeks t o  inc rease  our  understanding of t h e  fundamental 
processes  involved i n  t h e  genera t ion ,  process ing ,  t ransmiss ion  and 
u t i l i z a t i o n  of s i g n a l s  i n  both n a t u r a l  and man-made systems. 

oundation, t h e  N a t i o n a l  I n s t i t u t e s  of Health and t h e  J o i n t  Se rv ices  

The major research groups p a r t i c i p a t i n g  i n  t h e  program inc lude  t h e  
following: 

L i n g u i s t i c s  
Speech Communication 
Communications Biophysics 
Neurophysiology 
Cognitive Information Processing 
Processing and Transmission of Information 
Process Analysis and Synthes is  
S t a t i s t i ca l  Communication Theory 
A r t i f i c i a l  I n t e l l i g e n c e  
Computer Research 

The l i n g u i s t s  are concerned with t h e  s t r u c t u r e  of language, which 
i s  fundamental t o  t h e  formulation and expression of thoughts and 
ideas .  The s t u d i e s  i n  speech communication seek an understanding 
of the  process involved i n  producing speech sounds or  of decoding 
speech t o  recover the  thoughts and ideas .  

Sensory sys tems a r e  s t u d i e d  both f r o m  the psychophysical and from 
t h e  n e u r o e l e c t r i c  viewpoint,  with most of t h e  e f f o r t  c u r r e n t l y  being 
devoted t o  the audi tory  system. Recent  a c q u i s i t i o n  of a PDP-4 
d i g i t a l  computer f o r  use by t h e  communications biophysics  group 
w i l l  g r e a t l y  fac i l i t a te  t h e  conduct of experiments involving neuro- 
electric data .  



- 101 - 

I -  The s t u d y  o f  c o g n i t i v e  information p rocesses  has cont inued  w i t h  re- 
s e a r c h  on sensory  a i d s ,  v i s u a l  p e r c e p t i o n  and p i c t u r e  process ing .  
Computer s imula t ion  of experimental  s i t u a t i o n s  p l ays  an impor tan t  
role  i n  t h i s  r e sea rch .  P l a n s  f o r  t h e  coming yea r  i n c l u d e  the 
development of  a m o b i l i t y  a id  s imula to r .  

S t a t i s t i c a l  communication theory  i s  l a r g e l y  concerned w i t h  t h e  
formula t ion  and s o l u t i o n  of  non l inea r  systems problems. Informa- 
t i o n  p rocess ing  and t ransmiss ion  i s  concerned wi th  coding theo ry  
and modulation theory  t o g e t h e r  w i th  t h e i r  a p p l i c a t i o n s  t o  a v a r i e t y  
of communication channels .  I n  a d d i t i o n ,  swi tch ing  theo ry  and 
automata theo ry  are a c t i v e l y  under i n v e s t i g a t i o n .  

Summaries of t h e  r e s e a r c h  o b j e c t i v e s  of each of t h e  groups appear  
i n  Research Laboratory of E l e c t r o n i c s  Q u a r t e r l y  P rogres s  Report 
N o .  76 ( January  15 ,  1965).  These summaries and l i s ts  of publ ica-  
t i o n s  are submi t ted  s e p a r a t e l y  t o  the  NASA Off i ce  of Space Sc iences .  
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PRINCIPAL INVESTIGATORS 

ATHANS, Michael 
A s s i s t a n t  Professor, E l e c t r i c a l  E n g i n e e r i n g  
Postdoctoral  F e l l o w  i n  E n g i n e e r i n g  

BACKOFEN, Walter A. 
Professor,  Metal lurgy 

BADDOUR, Raymond  F. 
Professor ,  C h e m i c a l  E n g i n e e r i n g  

BEVER, Michael B. 
Professor, Metal lurgy 

BLAIR, John 
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MEADOWCROFT, T h o m a s  R. 
A s s i s t a n t  Professor, Metal lurgy 

MEISSNER, Harold P. 
Professor, C h e m i c a l  E n g i n e e r i n g  

MICKLEY, H a r o l d  S. 
Professor, C h e m i c a l  E n g i n e e r i n g  

MILLER, Sanford A. 
A s s i s t a n t  Professor,  N u t r i t i o n  and Food Science  

MOLLO-CHRISTENSEN, E r i k  L. 
Professor, Meteorology 

A s s o c i a t e  Professor,  A e r o n a u t i c s  and A s t r o n a u t i c s  
OATES, G o r d o n  C. 

P I N S O N ,  W i l l i a m  H . ,  Jr. 
A s s o c i a t e  Professor, Geology and G e o p h y s i c s  

REINTJES,  J. F ranc i s  
P r o f e s s o r ,  E l e c t r i c a l  E n g i n e e r i n g  

RICH, A l e x a n d e r  
P r o f e s s o r ,  B i o l o g y  

ROHSENOW, Warren M. 
P r o f e s s o r ,  Mechanical E n g i n e e r i n g  

SAROFIM, A d e l  F. 
A s s i s t a n t  Professor, C h e m i c a l  E n g i n e e r i n g  

SKOLNIKOFF , E u g e n e  B. 
R e s e a r c h  A s s o c i a t e ,  E c o n o m i c s  and Social Science 

SMULLIN, Louis  D. 
Professor, Electrical  Engineer ing 

STICKNEY, R o b e r t  E. 
A s s i s t a n t  Professor, Mechanical E n g i n e e r i n g  

TANNENBAUM, Steven R. 
A s s i s t a n t  Professor, N u t r i t i o n  and Food Science 

TEUBER, Hans-Lukas 
P r o f e s s o r ,  Psychology 



TOOMRE, A l a r  
A s s i s t a n t  Professor, Mathematics 

TOONG, Tau-Yi 
Professor, Mechanical Engineering 

WITT, August F. 
Assistant Professor, Metallurgy 

WOOD, Robert C.  
Professor, Economics and Social Science 

ZAMES, George D. 
Assistant Professor, Electrical Engineering 
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ZIMMERMAN, Henry J.  
Professor, Electrical Engineering 
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STUDENT PARTICIPATION 

N a m e  and S t a t u s  

A l m a s i ,  George S. 
Graduate  S t u d e n t  

A l p e r t ,  Ronald L. 
Graduate  S t u d e n t  

B a r t l e t t ,  C h a r l e s  J. 
Graduate  S t u d e n t  

B e l l ,  Adam C. 
Graduate  S tuden t  

Bok, Enid C. 
Graduate  S t u d e n t  

Browand, Frederick K .  
Graduate  S t u d e n t  

Brockmeier ,  Norman F. 
Graduate  S t u d e n t  

Car l son ,  Alan W. 
Graduate  S t u d e n t  

Car l son ,  Roger W. 
Graduate  S t u d e n t  

Chaudhari ,  Praveen 
Graduate  S tuden t  

Chinnaswamy , S r i n i v a s a n  
Graduate  S t u d e n t  

Conley, James W. 
Graduate  S tuden t  

Cooper, W i l l i a m  W. 
Graduate  S t u d e n t  

Cuny , Jean-Pierre 
Graduate  S t u d e n t  

D a l z e l l ,  W i l l i a m  H. 
Graduate  S t u d e n t  

Departmental  A f f i l i a t i o n  

Elec t r ica l  Engineer ing  
Research A s s i s t a n t  

Mechanical  Engineer ing  
R e s  e arch A s  s i s  t a n  t 

Aeronaut ics  and A s t r o n a u t i c s  
Research A s s i s t a n t  

Mechanical  Engineer ing  
Research A s s i s t a n t  

Economics and Social  Sc ience  

Aeronau t i c s  and A s t r o n a u t i c s  
Research A s s i s t a n t  

C h e m i c a l  Engineer ing  
Teaching A s s i s t a n t  

E lec t r i ca l  Engineer ing  
Research A s s  i s  t a n t  

Nuclear  Engineer ing  
Teaching A s s i s t a n t  

Meta l lurgy  
Research A s  s i s  t a n t  

Aeronaut ics  and A s t r o n a u t i c s  
Research A s s i s t a n t  

Electrical  Engineer ing  
Research A s s i s t a n t  

Chemical Eng inee r ing  

Meta l lurgy  

Chemical Eng inee r ing  
Research A s s i s t a n t  
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Gendron, Aubrey S. 
Gradua te  S t u d e n t  

Chemical Eng inee r ing  
Research  A s s i s t  a n t  

H a v l i n ,  Robert  H. 
Gradua te  S t u d e n t  

Chemical E n g i n e e r i n g  
Research  A s s i s t a n t  

J u l i a n ,  W i l l i a m  H.  
Gradua te  S t u d e n t  

Mathematics 

K e a t i n g ,  Ronald F. 
Gradua te  S t u d e n t  

Mechanical  E n g i n e e r i n g  
Research A s s i s t a n t  

Kleinman, David L. 
Gradua te  S t u d e n t  

E lec t r i ca l  E n g i n e e r i n g  
Research A s s i s t a n t  

L e e ,  Seon B. 
Gradua te  S t u d e n t  

Mechanica l  E n g i n e e r i n g  
Research  A s s i s t a n t  

L i t t l e ,  Winston W . ,  Jr. 
G r a d u a t e  S t u d e n t  

Nuc lea r  E n g i n e e r i n g  

Mahoney, F r a n c i s  J. 
Gradua te  S t u d e n t  

Nuc lea r  E n g i n e e r i n g  
Research A s s i s t a n t  

Mang l i s ,  P e r i c l e s  C. 
G r a d u a t e  S t u d e n t  

Mechanica l  Eng inee r ing  
Research A s s  is t a n  t 

Mathews, Donald R. 
G r a d u a t e  S t u d e n t  

Nuc lea r  E n g i n e e r i n g  

McVey, John B. 
Gradua te  S t u d e n t  

Mechanical  E n g i n e e r i n g  

Mobius, Mark 
Gradua te  S t u d e n t  

Economics and  Social  S c i e n c e  

Mukherjee,  Debi P. 
Gradua te  S t u d e n t  

N u t r i t i o n  and Food S c i e n c e  
Gradua te  A s s  i s  t a n  t 

Paradis,  S tephen  G .  
Gradua te  S t u d e n t  

Chemical E n g i n e e r i n g  

Rehm, Ronald G. 
Gradua te  S t u d e n t  

Mathematics  

N u t r i t i o n  and Food S c i e n c e  
Gradua te  A s s i s t a n t  

Ryu, Dewey D. Y. 
Gradua te  S t u d e n t  

S a l a m i t o u ,  J a c q u e s  
Gradua te  S t u d e n t  

M e t  a1 1 urgy 
Research  A s s i s t a n t  
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Schulze,  Stephen R. 
Graduate  S t u d e n t  

Shaver ,  Paul  J. 
Graduate  S t u d e n t  

Shu, Frank H. 
Graduate  S t u d e n t  

S i l v e r ,  Richard S .  
Graduate  S t u d e n t  

S p i r i d o n ,  Alexander  
Graduate  S t u d e n t  

S t e i n k e r ,  Gerald E. 
Graduate  S t u d e n t  

Sze ,  K a i - K a i  
Graduate  S t u d e n t  

Taylor ,  Kenneth B. 
Graduate  S t u d e n t  

Todreas ,  N e i l  E. 
Graduate  S t u d e n t  

Y a m a m o t o ,  Sh igehiko  
Graduate  S t u d e n t  

Yarwood, John 
Graduate  S t u d e n t  

Yasuda, T. 
Graduate  S t u d e n t  

Chemical Eng inee r ing  
Research A s s i s t a n t  

Electr ical  Eng inee r ing  
I n s t r u c t o r  

Mathematics  

N u t r i t i o n  and Food Sc ience  
Research A s s  i s  t a n t  

Electr ical  Engineer ing  
R e  s e a r c h  A s  si s t a n  t 

Aeronaut ics  and A s t r o n a u t i c s  
Research A s s i s t a n t  

Chemical Eng inee r ing  
Research A s s i s t a n t  

Biology 
Research A s s i s t a n t  

Mechanical  Eng inee r ing  
Research A s s i s t a n t  

Mechanical  Eng inee r ing  
Research A s  s i s t an t 

Meta l lurgy  
Research A s s i s t a n t  

N u t r i t i o n  and Food Sc ience  
Research A s  s i  s t an t 
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Topics wi th in  t h e  gene ra l  program of t h e  Center are s e l e c t e d  with 
t h e  assistance of t h e  following committees: 

COMMITTEES 

Technical C o m m i t t e e  

J. L. Kerrebrock 

E. L. Mollo-Christensen 
J. F. R e i n t j e s  
B. a. R o s s i  

N.  S. Scrimshaw 

R. C. Wood 

L. E. Beckley, Secre ta ry  

J. V. Harr ington,  Chairman 

Associate Professor  of Aeronautics 

Professor  of Meteorology 

Professor  of E lec t r ica l  Engineering 

Professor  of Physics 

Head, Department of N u t r i t i o n  and 

Professor  of P o l i t i c a l  Science 

Adminis t ra t ive O f f i c e r ,  Center  f o r  

Director,  Center  f o r  Space Research 

and As t ronau t i c s  

Food Science 

Space Researh 

Committee for t h e  Center f o r  Space Research 

G. S. B r o w n  
W. W. Buechner 

C. S. Draper 

R. Hide 

H. W. Johnson 

M. F. Mil l ikan 

H. G. S t e v e r  

C. H. Townes (ex o f f i c i o )  

J. B. Wiesner 
J. V. Harr ington ,  Chairman 

D e a n ,  School of Engineering 

Head, Department of Physics 

Head, Department of Aeronautics and 

Professor  of Geophysics and Physics  

Dean, School of I n d u s t r i a l  Management 

Director, Center f o r  I n t e r n a t i o n a l  

Head, Departments of Mechanical 

Provost 
Dean, School of Science 

Director, Cen te r  f o r  Space Research 

A s t r o n a u t i c s  

S tud ie s  

Engineering and Naval Arch i t ec tu re  


